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I. INTRODUCTION

Many industrial plants, especlally electric power gener-
ating plants, use large quantltles of water for cooling purposes.
When heated waters from such industrial plants are dlscharged
into rivers, lakes and estuaries, they can disturb the ecological
balance and destroy the natural habitat of aquatic life by chang-
ing the temperature levels. In rivers the hot discharge waters
can cause milas of hot sections which act as thermal barriers and
prevent fish from going upstream to their spawning grounds, In
reglons of high ambient temperatures, such as along the East
Coast of Florida, the hot discharges can cause excessive estuarine .
temperatures. This in turn increases the evaporarion and results
in an overall increase in the level of sallnlty. Turbidity of
_mineral origin can be generated by the drslodgxng and suspension
of sediments by currents such as those caused by hot drecharges.
Purbidity of biological origin can be. generated by phytoplankton
'growth in thermally suitable environments. The above outlined
proceseee can ru:l.n the marine environment as far as ecological ’

' fishing and recreational interests are concerned.

o A major source of thermal pollution of rlvers, lakee and
estuaries is the hot water discharge from. the condenaere of fos-
‘ail and nuclear fueled power plants. The demand for electric
power in the United States has doubled about. once every ten years
" since 1900 and indications are that the rate of increase will be
even greater in the coming decadee. About 5500 BTU of thermal
enerqgy are produced for every kilowatt hour of electricity gen-
erated by a conventional power plant. Nuclear powered plants,
being less efficient,.produde'about 10,000 BTU per kilowatt hour.
This means that the doubling time for hot discharges, the cause
of thermal pollution, is less than 10 years. |
| In order to meet the growlng cooling water requirements, it
is projected that by 1980, thlrty-two percent of all steam elec~
tric stations will be located. adjacent to eetuariee,or on open sea

v



cbaste. The problems associated with the release of these large
volumes of heated water are compounded by recent trends within
the power industry. Large plants, including more nuclear power-
ed generators, are being built, and groups of these units will
be located at a single site. Thus the United States, and the
world, face a potential problem in env1ronmenta1 alteratlon of
enormous pr0portlons, partlcularly in estuarlne and coastal
‘marine waters. , : '

In .order to come up with solutlons to the above stated an-
vironmental problems, the feasibillty of Remote Sensing for De-
tecting Thermal Pollution has been investigated. In the. first
part of this projeéct, the emphasle is on the feasibility study of
the development of a generalized three—dlmenslonal, predictive,
‘analytical model for determining the water temperature distribution
ceueed by thermal discharges., The study includes an investlgat;on
of the feaeibility of using remote. sensing to quantitatively mea-
‘sure water temperatures, aalxnlty content, turbldity, and other
parameters that are pertinent to the model development. It also
includes a study concerning the manner in which remote sensing _
Vmeasurements ‘together with the in-situ measuremente could be used :
to provide boundary conditions needed for the model. evaluation.

‘ Figure 1 relates the various phases of the present study. Re-
‘mote eeneing data are to be used to provide initial and boundary
conditxons for the methemat;cal model. The in-situ measurements

. serve three purpoees, i.e., 1) to supply the. ground truth data

for remote sensing, 2) to prov;de boundary conditions for the.
model, 3) and to obtain data for the verificatlon of the model

The site study is needed to ;nvestigate potent1a1 sitee for the
application of the model. ‘ ,

‘The eystem approach has been used to conduct this feasxblllty
study. Figure 2 shows the steps followed. 1In the first stage,
a careful literature search has been carred out, and informatlon
has been gathered to obtain necessary data for the subsequent |
eteges of the study. Existzng one- and- two-dimeneional models



have been carefully analyéed. The requirements for remote sensors
and in-situ measurements have been investigated. The inputs ob-

- tained from the first stage have been critically examined and
evaluated. Alternatives have been considered. After a trade-off
“study, a general three-dimensional model has been chosen. The
feasibility of the model formulation, development testing and ver-
ification have been studied.

The emphasis has been placed on the use of remote sensing
‘measurements to provide the necessary rnputs for the model. The |
predent study has been carried out in four phases, i.e., 1) The
Mathematical Model Study, 2) The Remote Sensing Study, 3) The Ground
Truth and In-Situ Measurements Study, an and 4) the Site Studies.
These four phases of study aré.blosely related and have been con-
ducted concurrently. The details of these phasee-pf-work are pre-
sented in the following aectrons. A conclusion of this feasibility
"study and recommendations are ngen at the end of th:s part of the

ireport.r
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II) MATHEMATICAL MODEL

" A) REVIEW OF EXISTING MODELS

‘ In recent years, due to the increase of power
generatlon plants, there is a growing concern about the
problem of thermal pollution caused by such plants. Ty-
pically, cooling water for a plant is withdrawn from a
nearby body of water and is circuieted'dnce in the con-
denser cooling system to carry away the rejected heat.
The heate& water is then dlscharged into an adjacent
_natural water body such as a lake, river estuary or coastal
waters. Eventually, this excess heat is transferred from
‘the surface of the water to the atmosphere by evaporation,
. convection, or conductlon.
| Thermal effects of power plant discharges*can be
'_categorlzed as occuring within two main reg;ons. In the
‘meedlate vicinity of the discharge, the temperature and
velocity distribution are governed by propertles of the
. flow discharge w1th subsequent mixing of cooler amblent
.water. This region is known as the 'near fleld' within
.thrs near field, ambient fluid is entralned into -the
dlscharge from the surrounding water. surface heat losses
-are in general negllgrble because of the‘relatlvely small
- surface area available for heat transfer to be effectlve.
Therefore, the chief mechanlsm for temperature reduction '
in this region is by dilution. Outside the near freld is
a much more extensive reglon with heat transfer processes
governed by natural heat digsipation processes. This region
is known as the 'far field'._ Typical modes of energy transfer
within this far field include convection and diffusion in the
interior of the fluid body and evaporatidn,-radiation plus
convection from the surface. '

The predlctlon of the temperature and velocity dlStrl—
| butlon of the near and far fleld lnvolves understandrng a



‘variety of fluid mechanical and-thermodynamiCal»phenomena.
‘ For example, in the mixing region of the near field, the

‘fdlscharge can be considered to be a turbulent buoyant jet

. characterized by a turbulent shear flow region which increases

" in size away from the jet. .

OQutside of the jet, the surroundlng region may be
coneidered-to consist of nonturbulent potentlal.flow. Theoret-
ical analyses of both buoyant'and noribuoyant jets have been
' based on the assumption that the temperature and velocity
- distributions are given by srmllarlty functions. That is,

' lateral profiles of temperature as well as velocities malntaln
simllar shapes as the jet spreads in diameter. The theoretical
'problem to be solved here involves being able to predict the
change in the centerline (maxrmum) vaelocities and temperatures
: along the axis of the jet.

T In order to predict temperature and velocity distri-

" butions of the far field, one has to solve simultaneously the
. energy and momen tum equations of the fluid. The transfer of
g heat in this regron is dictated by advection and turbulent
mixing of the ambient water. In contrast to the near field,

B the set of equations which govern the motion and temperature
r d1str1but1on of the far field do not have similarity solutions.
 Therefore, the nonlinear system of equations has to be solved
numerically. A dlSCUSSlOD is now made on the numerical models
which are used to solve the problem of the far- field.

. Two dimensional analysrs of the far fleld trme
dependent‘temperature drstrlbutron has been treated in two
different but physically similar approaches. The first
approach, based on energy balance principles, is sometimes
known as the’ “energy budget. This technique has been used
by Park and Schmidt (1972} for a numerical model of heat’
dlssrpatron of a power plant cooling bay. In Park and
Schmidt's ahaleis,‘the prediction of temperature involves two
. geparate considerations, the energy transfer between the bay

and its environment and-the:internal energy transport within



the bay. To asimplify the calculations, it is assumed that the
discharge rate is prescribed and there is no circulation in
~ the bay. As a firet.step, the interioxr of the bay ie uni formly
divided into vertical sections each containing a finite number
of thzn horizontal control volumes or elemerits within which
mass_ls congerved. The temperature of each element is goverhed
by the conservation of energy equation which accounts for energy
advected by horizontal and vertical flows_(hv. ho' and hi)'
'energy diffused at the upper and lower boundaries of the element
) ‘and short wave radiation absorbed within the element (h ).
.For the jth element shown in the figure, the rate of change. of
'energy I-I.j w1th1n the volume is given by: '

Pléé ‘F"Ja'" ﬁt

| 6“4{- .
EI?; E’FL Ep 3 ﬁ. (}z%ﬂ 1&).

.The various energy fluxes‘of:equatidn (1) can be expressed in
terms of the temperatures at elements j.‘j+1'or j=1. To calculate
the advective energy ekchadge, the thermel discﬁarge.iseassumed
to be equally divided among the top six alements in all sections.
For the surface elements, the rate of Qain or loss of energy from
external sources {excluding advection) is obtalned from an
energy balance 1nvolv1ng five heat transport mechanisms, namely,
solar radlatlon (h ). atmospherlc radratlon (h }, black body

- radiation (hb), evaporatlon (h Y. and convectlon (h ). The
-surface energy budget is expressed mathematlcally as:

'}_lnetzhs_"'ha-bb'_hef,hc‘l ()



where h ., is used in place of h_ in eqn. (1) for a surface
element. Numerical integration of egn. (l) then results in
the pxedictioh ofrtemperatures for each section of the bay.

A similar'heatfbalence model has been used by Ryan and Harleman
(1971) to predict annual temperature changes in a stratified lake.
| A simple heat budget model has been proposed by Rooth
and Lee (1972) for estimating steady state thermal anomaly areas
from hot discharges. The model is based on the physical concept '

that since cooling is a suxrface process, the rate of heat loss

depends only on the surface area distribution of thermal anomaly

~and not on the thickness of the warm layer. On the assumption

that the dominant heat transfer process is due to evaporatlon

‘ and senslble heat flux, the equation obtained for eatimating’
‘the thermal anomaly area A asaoclated ‘with temperature T is

‘given by.. . L |
. ’ ~‘ o | o . B'f" , .
- FlrTogl - C’»‘U[Cp&fLﬁ_«ﬁ ‘mf’w] 3

Here Cp- is a known drag coefficient, U the wind speed, g the
dlscharge rate..T the ambient equivalent temperature, L the
latent heat of evaporat;on of water, cP the constant pressure _ |
specilfic heat of . air, P, the denslty of air and Pg, the saturated
water‘vapor density at T. For given values of U, q,T and the
initial temperature at point of discharge Te' the 1ntegrated

form of equation (3). 15 aolved by a graphical method to obtain

a thermal anomaly area A. ‘

The usefulnees of the graphicnl approach lies in 1ts

4 sxmplicity and ease of operation for providing a first quick

" look in power plant design considerations. Because it deals

nly with the prediction of thermal anemaly surface areas under
steady state cenditions, the same technique cannot be used for
discharges that are influenced by transient motion such as due

to tidal effects for'estuariee which are open to the ocean.
Moreover, advective heat transfer due to currente which, in many

situations, are ccmparable to surface heet losses has not been
taken into account. in thlﬂ method.
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A major drawback of the heat budget type of analysis
is that velocity distributions (or discharge rates) must be

| prescribed before advective transport terms can be calculated.
In many problems, the veloc1ty fleld is not known and may depend-
on forcing functlons such as tldal motion, wind stresses, pressure
gradients and dens;ty variations. To achieve a correct coupling
between thermodynamlcs angd fluld motion it is necessary to solve
the energy and momentum equatlons simultaneously. Due to the
cdmplexity of both eguations, many solutions are now possible
only because of the rapid advanées:made in the development of
finite difference technigues.

. A two dimensional hydrodynamic flow model (Dean 1971)
has been developed by the Coastal Engineering Department of the
University of Florida to predict water elevations and the dis-
charges of the Biscayne Bay Card Sound sYstem. Because of irregu-
lar bottom tdpography of the Bay system,flow restrictions and
'barrlers are lntroduced in the model. Hydrostatic motion is:

1 assumed and tidal effects are accounted for by 1ntroduc1ng a 7
'-related to the change in free surface eleVatlon. Formulas of

shear stresses are developed to model the frxct;onal effects of
' 1rregular bay bottom t0p0graphy to the flow. The original
“three dimensional equations of motion are integrated over the
7vert1cal coordinate to produce varlables of volume flux com=-

| ponents A qy instead of veloc1ty components u and v. The

" equations are further slmpllfled by: 1) Neglectxng horlzontal
nonlinear convective acceleration terms and 2) neglqct;ng

' barometric pressure variations across the Bisdayne Bay/Card
sound area. With these stated assumptlons. ‘the % and y com- -
‘ponents of the equatlon of motlon are given by.
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-
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' Here g is the Coriolis. parameter,g the gravitational constant,

D the total depth, p the water density, q;l the wind stress -
.and'cﬂthe bottom stresses which ean be expressed in terms of
the volume flux components. To complete the set, the contlnulty
_l-equatlon is given by:

9 -a;.'a' - | |
o tox t £*5:.  @

where S is a volume flux per unlt area ‘of free surface due to
ralnfall. Equations (4) to (6} are expressed in finite difference
'fform and are integrated to compute water surface elevations and
idlscharges throughout the bay system as a functlon of time. The
‘varlable forc1ng functions that are considered are tides, winds,
power plant coollng water intake and dlscharge. and fresh water
runoff. As a continuation of the 1nvest1gatlon, the computed

‘ hydrodynamlc data is used as input for a dispersive model. In"
this case, a finite difference formulatlon of the two dimensional
dispersion equation is solved to predict the advectlve and dis-
persive transport of a conservative constituent discharge by the
plant. Thermal effects, one of the main considerations in thermal
discharge problems. cannot be predicted by this dispersion model
'because heat is a nonc0nservat1ve quantlty when surface heat
;exchange mechanlsms-'are taken 1nto account... |
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B) PROPOSED MODEL

It is proposed to develop a general three- -dimensional
mathematical model capable of predicting the flow, temperature
- and ealinlty field of a large body of water affected by thermal
1 ‘discharge frOm a power plant. The model is described by a set
of conservation equations which take into consideration the

effects of tidal motion, wind action, thermal convection and

: diffuslon, as well as surface ‘heat exchange between the water
‘f‘and atmosphere. The thermal transport mechanisms consldered here '
- ‘are general enough so that this model can be used for predicting
thermal discharge effects at any geographic location. For dif-
1_ferent discharge sites, the only modification of the model re~
~qu1red is a respecmflcatlon of the correct boundary conditions,
dictated hy a new site topography. ‘In the’ proposed model, the
V‘necessary initlal and boundary condltlone will be prov1ded by

_ collacted. remote sensing and fleld data. The model may be .
tested for accuracy by comparison w1th periodic collection of .
'remote eenexng and field data. .

A case study of spec1al interest to the Miami area is
the thermal pollution created by the heated discharge of Turkey
Point power generating plants. The avallablllty of past Turkey
Point field data plus the convenience of collectlng additional
data from this nearby discharge presents a unlque opportunity
of testing the proposed model. It is to be emphasized that the
-model is generally applxcable to any diecharge site, ‘
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: Up to the present time, theoretical models which have
‘been developed to simulate thermal discharges have been two.
dimenslonal ones. There have been few attempts to model the
more reallstlc three dimensional nature of the dlscharge problem
There are several reasons wh;ch point to the necessity of using
three dimensional analysis:.“ o o

(1) The topography of the thermel'disoharge areas in bays,

| . oceans or lakes can be modeled accurately only in three

, _"dlmenelons. | -

- (2) . Thermal dlscharges spread both horizontally and vertlcally

: in a body of water. The penetration of warm surface water

_-to lower cooler water may affect the ecology of the lower

“‘deptha. ‘An understanding of the three dimensional trajectory

”1of thermal dlscharges requ1resana1y51s of the motion in

- three dimengions. o o :

:‘(3Y _Thermal discharges induce three dlmen51onel convectlon and

T circulation patterns whlch cannot be resolved by two dl—

- mensional modeling. '

(45 -Observatlons of the Turkey P01nt thermal dlscharge 1nd1cate
'an unusual vertical movement of the plume.

Prior to a dlscu551on of the model, it is lnstructlve
to first consxder the geography of the region under lnvestlgatlon.
_As a case study, the Turkey P01nt site will be consxdered 'The.
‘bay systems that are affected by the thermal dlscharge of Turkey
Poxnt consist of Biscayne Bay, Card and Barnes Sound. The
'reglon that is proposed for the model 1ncorporates an area of ap-
proxlmately 36 to 12 mlles extendlng from the Rlckenbacker Cause-
way in the North to the causeway betWeen Barnes. Sound and Black-
water Sound in the south. The prlmary communlcatlon between the
- bay syetem .and the Atlantlc Ocean is through an opening of
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_approximately ten miles in length located at the northeastern
limits of lower Biscayne Bay. In addition, several small inlets
are present in the southeastern part of the bay system connecting

”1ower_Biscayne Bay and Card Sound to the ocean. The average

mean low.waterklevel in the Bay system is approximately 10 feet
and the bottom topography is itfegular due to the presence of
many limestone sills interlaced by numerous-chanhels, This

'represents the domain of computation for the model. |

- Within this domain, the conservation equations for

the body of water will be numerically integrated by using a
three dimensional numerical schéme as proposed by Hirt and cook
(1966) . This scheme is an extension of a two dimensional com-
putation technique known. as the Marker and Cell (MAC) Method

*\byuHa;low et al (1972) and has been used to model three

dimensional free surface flows over a rough terrain. The MAC

 scheme will be used to solve the hydrodynamic equations of mass
aﬁd momentum conservation given in the x, y, and z (vertical)
directions by: | | ‘

s U LU L Ll ddp b2l g
St tYsx tUoy TR g ox TF 9% )
B N Y - VTSI - B - RS
st tUsx *Vay TWor T TRay TR 2% - 8)
WL AW AW L QLI (o) g
3F TUXY TRy oz "Rz UTERTE @)

Bedjr -

The velocity'éomponents u,v,w, are in the 2,y,z; {verfical)
‘directions respect'ivély.' B is the Coriolis parameter p the
pressure; Tax and 1}5 the horizontal shear stress components

with other components being considered negligible. The effects

of density ( or temperature) variations are assumed;ﬁo influence
the fluid motion through a Boussinesq Approximation which consists
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‘of the addition of a buoyance term. Under this approximation
, densltyf) is considered to be constant(ﬁ)except for the
buoyancy term in egn. (9). The mass source or sink term{s in
eqn. {10) represents the mass galned by the bay at the water
‘discharge mass loss at the intake and/or any fresh water
‘”'sunoff along the edges of the bay. - _ _

' The thermodynamics is coupled to the motion through
an equatlon of state and the energy and salinity couservatlon
_equatxons. These_are given. by:

Fo=Fr -[a(T-T)-bis-s0] *-‘“’
| > 3 ‘
S5+ 9_'“’ oy * ,a%: = 5x0:3%) + 5 3‘3 '\1953)@-(&,} 1) +Q, 1)

a.s. i

N S 2 /. 35
f,?{,"‘“é’i‘“”?sg ""Ujaz Si'(’{i,fﬁ) a;,d Ksyaa)*‘%(ﬁzoz) (13)

_For temperature T and salmnity s. the mean values are given by
T and S respectlvely while eddy diffusrvmtles are given by

- KH-and K . Internal heat source of the thermal discharge is

' :represented by QH while a, b are constants. ‘

Since tidal motion is a major consideration, the

free surface boundary-éondition'is given by: o
'951‘+u—7+u 3G = w+ Qs at zg-m  04)

-where ? is the free surface height as measured from the mean
water level and qs the volume flux per unit area of fluid
across the surface ‘due to evaporat;on and prec1p1tat10n.

Altogether there are B varlables (x,v, w,p,P,T.S and'?)
for the eight equations (7) to (14) . The 1n1t1a1 and boundary
"conditlons associated with the set equations will now be stated.
. in order to start the lntegratlon, a speclfxcatlon of
';the'entiretfleld is requlred. That 15, the values of each. of
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Z‘the variables have to be prescribed at an initial instant

o#er the entire region of integration. It is proposed that this
~ field data will be extracted from remote sensing and in situ
measurements. During integration, boundary conditions are then
imposed and the interior field may be calculated from governing
equations which describe the motion of flow. The boundary
conditions that are required;for.the solution are:

At free surface, z= q(x,y):

p— P atmosphere

Tox is a specified wind stress

S is specified, and T is obtained from remote senszng

data. As an analytical check to the model T may be
,calculated through applying an energy budget at the surface.
This energy budget will consist of a balance. between
.'radxat;on. latent heat and senslble heat transfers across

the atmospher1c~water 1nterface expressed mathematlcally

as: : , :

R Th Tt A B

where q surface 1s the net heat flow at the surface. The
heat flux terms on' the rlght side of (15) are:

qsf”net‘short-wave radiation flux
. R .’_‘ - O 4

‘g, - back radiative heat flux= €0 (T, + 460)

'qe— evaporative heat flux = f-(U)_(es_é-ea) and

q,~ conveetive;heat flux = 0.0102-q (Ta— T )
| Q)

(es~ e
:

_The_temperature Tw‘and Ta denete values at_the water surface.
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_and atmosphere. The evaporative heat flux q, is a function of
. the w;nd speed U and the vapor pressure at temperature T de-
n noted by e, minus the vapor pressure e, - '

- 2) At the bottom and lateral boundarles.

u= V= w= O
. P is calculated by the hydrostatlc condition
. T is specified

5 is specified

3) At the inlets:
Specified volume flow rate lnto Bay from Ocean, ‘specified
ocean tidal height._ :

C.)  THE MARKER AND CELL (MAC) METHOD

The three-dlmen51onal extension of the Marker and Cell

(MAC) Method developed by the Los Alamos group (Welch et al, 1966)
1s consldered to be used in solving the set of governing equatlons
”ae it has the advantages of the convenience in treatlng free
- - purface problems. A brief descrlptlon of this method is glven
'below. ' '
| There are two co—ordmnate systems used in MAC method

alculatlons'- The primary one covers the entlre domaln of 1nterest
with three dimenSLOnal rectangular grxd of finite dlfference
cells, each of dimensions AX by Ay by AZ. - The cells are numbered
by i,j.k representlng grid pOSlthnS in the x,y.z, dlrectrOns
. respectlvely. The field variables describing the flow are
‘dlrectly aesoc1ated with these cells. For the MAC" method, a
partlcular placement of fleld variable quantxtles relatlve to |
the cell (as shown in flgure) is of con31derable impor tance to |

-atta;n rlgoroue finite difference maes c0nservat10n‘ -
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In additlon to the prlmary coordinate
system of finite dlfference cells, there
is a coordinate system of partlcles

whose motion describe the trajectories

" of fluid elements. These partlcles serve
,"only as massless "markers" (hence the
name Marker and Cell) of the centers of

" nothing to the dynamics. Egchluel; ‘may
' contain several of such particles. The
particles perform two unique functlons.

l*FlrSt, they show which cells'are surface
"cells into which the surface boundary conditions should be

_'applled. Second, they show the motion of the fluld particles
*at*varxous times throughout the progress of the calculatlons.'

_ ‘A8 in most other fluid dynamlcs computing methods for

- transient problems, the MAC method works Wlth a time cycle or

- "movie frame" poxnt-ofaview. This means that the calculatlon
‘proceeds through a sequence of cycles, each advanclng the -

'5entire fluld configuration through a small but flnlte lncrement

of time At. The results of each cycle act as initial conditions

""for theé next one, and the calculatlon continues for as many

cycles as is desired. A more detailed descrlptlon of the
camputation procedures involved in the present calculatlons is
_now reviewed in the followxng section.
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" 'B.) METHOD OF COMPUTATION

~ The entire bay system is first divided into a set
- 0of rectangular cells which approxlmates as closely as p0931b1e
the topography of the eystem._ Each cell is. marked or “flagged“
as belng of a certain type depending on whether the cell represents
. a solid wall, a free surface. empty space, a cell full of fluzd
-and/or a boundary or corner ‘cell. One set of flow varlables
(u,v,w,p,T,S. and[>) is associated with each cell. Each varlable
:'is located either in the lnterlor ‘or on the boundary of the cell.

,“The governing equations (7) to (14} are then expressed in finite

| difference form., A time dependent solution of the flnlte dlf—

ference equatione is obtained by advanc1ng the flow field

‘variable and startlng from the vertically prescrlhed field in

-a euccesslon of short time steps At. Each time step consxst

of the following four separate calculatlons.

%) ,Velocity components aré:explicitly advanced in time using

N ~ the previous state of flow to calculate acceleratlons

‘caused by adVectlon, pressure gradlents,and hody forces.

7For example, the u—veloc;ty time advancement is given by

U(Y_'ld‘jzr,b-ﬁ-ﬁt)r = u.(:uj Z, t) + == t Uat

J,Where au is calculated from equation (14) w1th Ehe field
at A |
" values glven at tlme t.

2). Adjustments are made to, insure ‘mass conservation. This is

| done by adjusting the pressure through 1terat10n in each cell
in such a way that there is no mass flow in oxr out of the
cell, This adjustment must be performed for- all cells.

3) The’new'velocitylfield‘as'then used to update the temperature
and salinity field. A new free surface is produced by moving
"the set of marker partlcles to their new poeltlons.' For
example, '
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‘the u‘component ealoelatioﬁa are inen hy:
Xpltrat) = Xgp(t) + Up AL

where'ek denotes the u veiocity component for.thetkth particle.
4} The new den51ty fleld is .calculated by substituting values
" from the new temperature and sallnlty field into . the
‘equatLOn of state (1ll).
This completes one cycle for the time step from t to t+at.
The next cycle is then initiated and the computatlonal
sequence (1) to (4) is repeated up to a desxred number of
time steps. ' ‘

E.) DATA DISPLAY . .

_ ‘For three dimensional flow calculations, ‘the computer
‘,data obtained as an end product is necessarily large. There

are several methods Whlch can be used to present such data 1n

'an easily comprehensible form. :

~ An effective technxque is to dlsplay such a veloc1ty

. field, free surface configurations, etc. using computer generated
perspective pictures. A hidden-1line perspective view-piot routine ' -
for dlsplaylng data 1n an Eulerian mesh has been developed by |
COOk and Hirt of Los Alamos Laboratory and is avallable for use,
By constructing two perspective pictures from slightly dlfferent
vieW1ng ‘points and viewing . them in a stereo slide view, it is
posgible to produce three dimensional stereoecoplc vrews of

‘data plots. | : | :

_ - For programs employlng marker partlcles. the most
_descrlptlve pictures and easiest to ‘obtain are those of particle
configurations. Edch marker has an x, y, z coordinate stored

- in the computer ‘memory. By plottlng thesge coordlnates and
-drew1ng the boundarles that deflne the systems a plcture showing
“#he shape of the fluld and ‘its relatlonshlp to the conflnlng walls
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df the system is 6btained In order. to convey complete information
._about details of the f£low, velocity vector plots may be used.

For each cell in the system a velocxty vecto; starting at the

cell center w1th a length proportlonal to the cell velocity and in
“the direction of the local flow,can be drawn. These velocity
-:vectors, when plotted in selected planes in a region of interest,
‘can give a faxrly good ldea of the flow. For a better vlsuallzatlon-
- of full three dlmen31onal flow pattern, velocity vectors can be
plotted in stereoc using two sllghtly different perspective views.
_ A useful method for showing scalar fields such as
pressure, temperature and sallnlty is to generate contour plots.
-This is accomplished by plottlng lines of constant values of the
acalar quant;ty separated by a prescribed contour 1nterval The
effect is the same as that of geographical contOur maps where
'*contours represent a certain altltude. -In three dlmenSLOns,
lcontour plots may be dlsplayed as perspective pictures.
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III. MOTE S G
'A. - Introduction

In considering the measurement of the temperature, sa-
linity, and other properties'of the sea by remote sensing,
several methods suggest themseives. These may be divided into
two categories, pagsive and active. Among the passive methods
are photégraphy with near infrared film, scanning ihagery in
the middle and far infrared, and microwave methods. Active
methods anlude side~looking radar, Liar and Raman spectroscopy
~ These remote measurements may be carried out either from sat-
ellites or from airplanes. Satellites are most useful for large
‘scale effects and eventual automatic surveillance, while air-
planes are more suitable for detailed analyses where information
is desired on scales smaller than those presently available from
satellites.

“Ba Water Surface Temge;ature Measurements by Infrared
Imaging

The infrared portion of the electromagnetic spectrum lles
fsbetween the visible and microwave regions (0.78y to 1, ooou).

: The existence of this "invisible" radiation was discovered in
';1800 by Sir Frederich William Herschel; who used a thermometer

.p~to detect the energy heyond the red portion of visible " rainbow"

"produced by a prism. In 1861, Richard Bunsen and Gustav Klrchoff'
' establlshed ‘the principles underlylng infrared spectroscopy.
After a century of further progress, the uses of infrared tech-

" nology haw been extended to a host of appllcatlons. Among them’

is the use of infrared sensors for produc1ng images of remote
.scenes. These devices (remote—senSLng systems) have been used
on the ground, in alrplanes,'and in space vehicles., Compared
‘with their radar counterparts, these devices are small, light-
weight, and require little electfic power. Like radar, infrared
systems operate under both daytime and nighttime cOndiﬁions.
However, infrared systems are hampered by ‘clouds and rsin - a
problem radar systems do not have when sufflcmently low fre-
quencies are used. The two important. feetures of infrared sur-
velllancs systems which give them an advantage over radar are
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~the high spatial resolution &chievable with relatively'simplé
designs and the fact that they operate passively; i.e. théy ‘
do not need to 111um1nate the ground scene artifically in .
_order to record an image.
1. Basic Prlnc;ples |
- Passive methqu of heat measurements are based
upon the fact that all bodies above absolute zero
radiate electromagnetic energy to their surroundings::
the higher their temperature, the more they will ra-
diate., .The most efficient radiator at a given tem-
perature is the so-called "black body" which is also
a perfect absorber. The radiation of a black body is
described by the famous Planck Radiation Lawa-

Ilf - 2hc? . A g : (I1I-1)
0 @S- - 1) |
_ e KAT

Here, h is Planck's constant, c is the velocity of light,

A is the wavelength, A\ is wave range, k is Bolzman's

constant and e the base of natural logarithms.

Formula 1 gives the energy emitted per second from a

8square centimeter of surface at absolute temperature T

at wavelenght ) in a wavelength_babd‘of'width'Ax into unit

solid angle. 'Putting in values we obtain (for a 1 micron
"band): - o - ‘
192 x 10716

L watts/cmz'Ster. b

For example at the sun's surface if we take the black bddy .
temperature to be 5500°K at A = 600073'(0.6u) we obtain
. I = 6000 watts/cm . ster. e ,
The emission from a black body versus wavelength is
plotted in Figure IV-l with temperature as a- parameter.
_One can see from this. flgure that the emisszon maxlma
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move toward longer wavelengths with decreasing temper-
ature. The emission maximums from the sun with surface
temperature about 5500°K are near 0.5 micrometer (in the
' greenPYellow region of the visible spectrum). At the
‘earth's ambient temperature (approximately 300°K), the
‘maximum is at about 10 microns. The region of most in-
. terest, therefore, in the passive measurement of surface
temperatures is in the region 8-14 mlcrons, the so-called
thermal infrared region.

Looking at Figure 1, one might conclude that the sun's
own light would tend to drown out the emigsion from the
earth's surface, but this is not so. This is because the
sun is at”a great dietance,:and the curves in Figure 1 are
ualeulated for the hot surfaces themselves. At the disf .
tance of the earth the sun subtends about 1/2°,or-about
7.6 x 107>
the top of the atmosphere from the sun is therefore
- 6000 x 7. 6 x 10~° or about 1/2 watt/cm per micron. The
- sun’s ra&iation is compared to thepemxssxon at,509E,(§OQ°K)

- in Figure 2. ‘We .notice that at 10 microns, the arriving
-sunlight is more than looltimes less intense than the emis-

steradian., The maximum irradiance arriving at

'Ffslon from the earth. In the near infrared, around 1 mic- .

_rons, the sltuatlon is. reversed and the sunllght is more ‘
:than a mllllen times brlghter than the earth's emlsSLOn."
At much longer wavelengths than 10 microns, the amount of
emisaion from the earth is. very smell so the advantage of.
~ “the 8-14 micron regxon for passxve temperature meaeurementsA
'hie clear.
_ - The use of the black body equation (1) must be corrected
1f accurate temperetures are to be meaeured. These cor- -
rections are prlnclpally as follows: o
L) Departure of the sea from a true black ‘body, and
2) Effects of the atmosphere through which the ‘measure-
ments are made.j The correctlons are to be dlecussed‘
| “herein' s '
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2. Correction for Nonblackness
A radiometer measures radiance, R, that is the flux

of radlatlon per unit solid angle per unlt wavelength
per unit area. The radlance ls composed of an emitted
and reflected part, hamely

. R=gI+xrN (x111-2)
where R is the radiance of the surface, I is the radiance
of a blackbody at surface temperature from Eq. 1, ¢ and r
are the emittance and reflectance of the surface, and N is
the radiance falling on the surface (the sky radiance).
The emittance of a plane water surface viewed at normal in-
¢idence has been measured as 0.986 and its reflectance as
0.014 (Saunders, 1970). Saunders (1968) also shows that'
the surface roughness of the ocean does not influence'these
values'appreciably; Using a Model PRT5 Airborne Radiation
Thermometer (ART) manufactured by the Barnes Engineering Com=
pany, Saunders has computed the nonblackness correction:
values for various conditioﬁs. Some typical'compoted values
are shown in Table III-1l below. | | '

TABLE I1I-1 ART NONBLACKNESS CORRECTION FOR. PRTS

- : ' - Cloud Helght Range of Cor—
Cloud Type .~ - - Y. | rectlon °C

Clear : o '0.5-0.7
Dense cirrostratus overcast ‘ g 0.4-~0.55
Altocu or altostratusg overcast - 6 0.25-0.4
Stratus or stratucumulus overcast 3 . 0.2
‘Stratus or stratucumulus overcast 2 0.1.
Stratus or stratocumulus overcast 1 0.1

It can be seen from this table that the necessary cor-
rections are relatively small, ugually less than half a de-
gree centigrade. I1f this correction is required for more
- accurate measuxemenﬁs, one practice in the field is to re-
cord visual observations of cloud cover and to'introduce a ’
slowly varying correction to the measured smgnal A more
sophlsticated procedure may be to record sky radlance
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continuously with a second instrument and to make a more
rapidly varying correction.
3. _Atmospheric Transmission | _

The infrared region of the spectrum is characterized
by regions of intense atmospheric absorption. At these
wavelengths, molecular absorption becomes very significant,
in addition, atmospheric gases play a role. Each of the
various gases that comprise the atmosphere has its own
characteristic infrared-absorption spectrum. The gases
that have the most significant effect include.002, Nzo,
H.,0, and O

2°1 3 )
where one or more of these gases is strongly absorbing, the

For those portions of the infrared spectrum

atmosphere is eesentlally opaque, The spectral intervals
- at which the atmosphere is reasonably transparent are (ap~
proxzmately, in mlcrons) 0.7-1.35, 1.,35-1.8, 2,0-2.4, 3.5-4.1,
~4.5-5.5, 8- 14, 16-21, and 780 - 1,000, Those transparent
epectral regions are called wzndows as shown in Flgure III.3.
It is 1nterest1ng to see that ‘the 8-14 mlcron band, which
_ is useful for surface water temperature measurements. as
described above, is also provided with a window, However,
corrections for these atmospheric effects still have to'be
made if accurate remote measuremente are required.

Saunders (1967) descrlbed a method of succe551ve1y
v1ew1ng the ocean surface normally and obllquely to determine
the corrections for the Airborne Radiation Thermometer mea-

“-suremente. Saunders (after 1970) revised his procedure to

‘'view the gurface only normally with an improved Airborne
Radiation Thermometer .(Model PRT5 by Barnes-Eﬁgineering Com=-
pany). Shaw and Irbe (1972) developed an atmospherlc model
and a computer program to evaluate theoretlcally the re-
lative importance of the environmental effects under given
meteorologlc conditions and prcduce an adjueted water sur-
face temperature based on this-evaluation, In addition, a
relatively simple graphic method based on the theoretical



study was derived. Both methods have been tested and
found to glve ugeful adjustments for atmospheric effects.
On. the basis of these two existing theoretical models
{Saunders 1970; Shaw -and Irbe 1972), Tlen (1973) establlsh—
ed simple analyt1ca1 forms for atmospherlc correctlons for
ART measurements of water surface temperatures.

 The expresslon for the radiance measured through a
column of air is

| a _ )

' ‘ dr .

Ns - N = —Jr ‘NE - Bo)du _du (I11I-3)
o

- where N -~ N is the correction to the observed radiance due

to the a1r column, B is the radiance of a black body at the
‘ alr temperature, T 1s the transmlttance of the air, u is the
incremental intervening mass of alr, and U the total mass of

. the air between the gensor and the sea surface. Some of the

absorption of the alr in the lnfrared is due’ to water vapor,
~ so that to calculate. 7, the absolute humldlty in the air ]%

‘ ‘column should be measured:. - - Also, s:,nce B .'.I.B dependent on
temperature (Equ III—l) the temperature lapse—rate must |

o also be known. Fortunately, the correctlons are small if

the height from which ‘the measurements are made is not too -
great, and approximate values can often be used. Further,
in the area where horlzontal mlxxng is good, one correctlon
will suffice for the whole region as long as the helght of
observation. is constant. _ ' , o

It turns out that (Hovis, 1970) if the observations are
made between 1L and 12.5 micrometérs, much of the athospheric
_ absorption (and therefore emission, by Kirchoff's Law) can N
be avoided. This further reduces the corrections necessary.
By u51ng an 1nterference filter to narrow the band and by
observ1ng from moderate altitudes we can estlmate that the
corrections will be kept small (less than 1°c.)
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4, ommercially Available Infrare ann

There are a variety of infrared scanners commer-
cially available at the present time. Among them, the
Bendix Thermal Mapper (BTM) and Barnes Airborne Radi-
ation Thermometer (ART) have been used by many research
groups for water surface temperature measurements. A
brief discussion of these two systems are given be low.
a, Bendlx Aerospace Systems Divigion

Bendix Thermal Mapper _

Bendix first introduced its thermal infrared Line
Scanner, the Bendix Thermal Mapper (BTM), in 1966. It
consists of three basic modules: the Scan head, the con-
trol-console power-supply module, and the roll-compensatlon
unit. The standard BTM has a temperature difference sen-
‘sitivity of 0.5°C with indium centimonide detector filtered
“to 3 to 5. 5 microns. It is small; light and simple enough
to go. on a light, twin-engine aircraft."it includeé a gelf-
_contalned film cassette so that the system could be handled
much as a standard aerial photographic system, with a roll
of 70mm film as the immediate output, ready for processinq
upon landing.‘ The standard model does not have the capacity
of magnetic tape recording and multiple channels, and would
 require a modification if feasible. -
' Thls thermal mapper was used in 'February 1969 to obtaln
Thermal Infrared Imagery and Thermal Catours at Turkey Point
Power Plant south of Miami, Florida. Isotherms of surface
. water temperature were derived from thermal mapper imagery
(3.7 to 5.5 micron region) by means of measured water temper-

atures and densitometer values.' The actual water temperatures

were provided by the University of Mlaml and six surface
measurements were used as "ground trut " for the denSLtometrlc
analysis. Twenty densitometer proflles were made parallel to
the scan lines on the imagery and the resulting percent trans-
mittence values converted to temperature values. Fluctuationsa
in density from one scan llne to the next requlred that the
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gray area at the edge of the image be used as e.reference
~assumed to be 25% transmittive. The densitometer pro-
files were converted to temperature'at intervals of 1°C
_ and plotted on a base map and used to manually construct

the thermal contours.' The resultlng lEOtherms are within

+ 0.5°C of the actual surface temperature and prov1de a.
‘good method for acqulrxng quantitative temperature measure-'
‘ments over a large area. - Isotherm derived from this mapping -
is shown in the Flgure ITI-4 below.

The Bendix Co. later introduced two modified models;

Bendix Thermal Mapper Model LN-2 and Model LN-3. They are

’ equipped'ﬁith the more popular  Mercury-Cadmium-Telluride
-~ (Ng:Cd:Te) - detector (peaked at 10 microns) with a flltered

-spectral bandwidth of 8 .to 12.5 microns. The data of these
“'thermal mappers can be tape recorded.
_ ' One .of the problems that may be encountered in using
this thermal ‘mapper. for the proposed study is that the stan—
'dard thermal mapper was . calibrated agalnst known temperature
black—body references in the laboratory but once settings
- for gain and level were changed to accommodate the dynamic .
range of actual data in the field, the absolute value of this |
. lab calibration was leet. Thus; it will be necessary to have
at leaer two known'temperature and emissivity targets iden=-
tifiable in the data for calibrat;on.‘ This proved to be a
‘ problam for users who required true rather than related radio~
' metric data. : ' ‘ '
: endix Modulax Multiband Scanner

_ Bendix recently introduced: a new scanner system called
Modular Multiband Scanner (MZS). ‘It is a true (fully call-
4fbrated)‘imagery radiometer. M%s not only has blackbody re-
ferences, it also carries its own UV visible reference, a
'quartz—halide lamp which is transfer callbrated.from the
‘National Bureau of Standards. There is also a skylight re- '
,ference in this same spectral region. ' ‘ '

The M%s is a fully dlgltal machlne. The data ie recorded’



on high density digital tape in eight bit words for each
pixel, Thus, the system has a dynamic range'wf 256, over
eight times that of the thermal mapper analog fllm re-
corder which was. llmlted by the film to 30:l. _

. One drawback of the M%s system is its welght. With -
the tape recorder and an 1nev1table_camera or two, the
paYloéd in a light aircraft, equipped with M?S, will be
about 300 1bs and up, depending on the cameras. This is
apt to exceed safé operating limits for a single engine
aircraft. However, a light twin should be quite satis-
factory. ' | | . ‘ o
The Bendix Co. has been flying its system in a Beech
“Queenaire aircraft and Swiss Air Photo is going to use it in

5nithe same type of aircraft. NASA Lewis Center plans to in-

atall its scanner in a DC-3, and NASA Houston is using a
P3A., Researchers from Japan and Argentina have also adopted
~ the Mzs_for their remote sensing usage. '

The aforementioned scanners can be either purchased oxr
1éaééd from Bendix. They have equipped aircraft and can
also fly missions for their customers.

b, - irborne iation Thexmometer ) by the
' Barne ngin ng_Compan Stanford nn.

The Barnes Englneerlng Company flrst lntroduced Model
IT-2S infrared thermometers around 1966. It was later mod-
ified to be models IT-3 and PRT—S.' The Airborne radiation
thermometer (ART) is considered to have the capacity of re-

liably measuring the apparent black body surface temperature

of a large body of water in ' a relatively short period of
time. It has a band-pass filter system which limits the
wavelengths detected by the radiometers to the general re-
gion from 7.5 to 16 gms.' This filter windor 'is centered ap-
proximately on the "water vapor window" at 10 _m and is

- close to the maximums in the . Planck emission curve for 300°F,
The ART has been used by many'researchfgroups and the

" experiences of some of #hese-groups'iﬁ using it for water
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' surfece'temperaﬁure”measuremente are discussed'ﬁriefly-'
- below. ' '
i Richards and Massey (1966) in a techn;cal report en-
titled "An Evaluation of the Infrared Thermomeier as an
Airborne Indicator of Surface Water Temperatures , gave a
" complete description of the lnstallatlon of the ART in the
alrcraft- the problems encountered in obtalnlng reasonably
) smooth and accurate temperature readlngs, and the conduct
of ART test. : |

Shaw and Irbe (1972) of the Canada Atmospherlc ‘Environ-
ment Service have used ART in thelr_lnvestlgatlon since 1966.
.In their operation, the ART was installed initially in a
Lockheed 14 aircraft. Later it was flown in a Beechcraft 18
and Piper Aztec C ezrcraft. A strip chart recorder conduct~
ing a continuous temperature trace was connected to the ART.
' ccmparieons.between ART temperature readings and_surfece
temperature measurements were obtained in several Qays.
"Durlng the early" evaluation of the instrument in 1965~1966,.

."the aircraft was flown over the Great Lakes research vessel

' .cceS Porte Dauphine at several heights - above the ‘water.

" Simultaneous ART temperature readings and ship bucket tem-

- perature were recorded. On later routine ART surVey flights
-ln'1967 1971, comparleons were made between ART readings and
.‘bucket temperature on the Ponte Dauphine and on- the limnological
ships of the Canada Center for Internal Waters (CCIW) Read-
ings were taken from floetlng thermistors on CCIW buoys in
Western Lake Ontario and from thermlstors monitored on dams
across the St. Lawrence River at Cornwall, Ontario, and Lachine,
Quebec. Upon adjustment of ART readings for environmental °
‘effects; tbe‘airborne remote water surface measurements hawve
‘been able to obtain an accuracy within 0;5°C_ofﬁ£he observed
water temperature. ' - o |

Saunders (1970) of Woode Hole Oceanographlc Instltutlon
has also used ART for remote measurements of ccean surface
' temperatures. Aftexr correctione for’hcnblackness of the ocean
| and for absorption and emission in the ‘intervening etmoephere -
‘are made, they can achieve an absolute accuracy of i O, 2°c
when measurements are made carefully from low altitude.
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<. . Texas Instruments RS=-310 Airborne Infrared

Imaging System - ' . .\
Texas Instruments has introduced a Model RS- 310 Air-

borne Infrared Imaging System. It is reported to have a
g§-14 microns thermal band with 0.5-10°C accuracy in remote
surface temperature measurementé. The scanner can scan to
a 90 degree fleld of view with 1.0-5. o mrad. resolution.
The company clalms that this system is better than the
Bendix Thermal Mapper. ' However, detailed information is
. not available at this timeQ ' Consequently we are unable to
make a thorough survey of this system. ' ' '

5, Relatad spacecxraft Programs
a. The Earth Resources Survey Fllght Programs

In the Earth Resources Survey Program of the Natlonal
‘Aeronautics and Space Admlnlstratlon (NASA) , three space
fllght experiments are included: The Earth Resources Tech-
nology Satellite A (ERTS~A}. launched in March 1972; the
‘fEarth Rosources Experiment Package (EREP} of the manned
.“Skylab orbital facility, launched in April 1973; and ERTS-B
. which is not yet launched. The ERTS- A and B sensor payload
" congists of (1) a multispectral tv system using’ return—beam
vidicon (RBV) cameras, (2) a multispectral scanner (MSS)

' system, and (3) a data collectlon system for collecting

data from sensors at known locations in the earth. The MSS

ig sensitive to the following wavelengths: band 1, O.S:to

. 0.6 ym; band 2 0.6 to 0.7 ym: band 3, 0.7 to 0.8 ym; band

4, 0.8 to 1.1 ym: band 5, 10.4 to 12.6 ym (ERTS-B only) .
Comparable ground resolutlons for the gcanner are approximately
80 meters. except for band 5, whlch ig 220 meters.

Since the ERTS—A does not prov1de the wavelengths that
"are suitable for our proposal studles and the ERTS-B is
'not yet firmly scheduled for launch in the very near future.
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it seems that spacecraft may not be able to play a major
role in the first phase of the proposed project., However,
the‘oee of available satellite programs should not be '
excluded from this study. While aircraft may be recommended
to be used as the basie”remote sensing platform in the

~ first phase of the project, the results should be trans-

l latable to spacecraft and satellite programs of the future.
If a eultable_thermal band from ERTS-B or DAPP become
‘available during the project, they can be correlated with
the ground truth and aircraft remote sensor data. The

. small scale ground truth and aircraft data can be space
averaged to match the image resolution of the satellite
~data. Also, it may be possible to expand the small scale
model of the area to be lnvestlgated to larger scale geo=
graphic areas commensurate with the resolution of exlstlng
‘satellites.

‘ - Furthermore, data collected from the ground truth
‘stations may be telemetered by UHF radio in the ERTS data
'collectlon system (DCS) format so that it can be recorded
aboard the remote sensor alircraft as well as relayed by
the satellite DCS. The ERTS DCS will permlt data collection
from the gensors in the 1nvestlgated area on days when the
. aircraft is not in use. The General Electric Company has
 built UHF radio transmitting DCS units for the ERTS and -
Ball Brothers Research Corporation has recently built
"similar units for relaying data to. the ERTS or GOES data
'collectxon systems. G.F. Andrews of the Radar Meteo—'
;rOIOgrcal Laboratory has already desrgned the interface
eqnlpment for coupling temperature thermistors and a tipping
',bucket raingage to these ERTS DCS ground stations.
However, it may be mentroned that, while the complementary
‘use of these two systems (the spacecraft and the aircraft)
‘are to be consxdered in the developmental stage of the
proposed study, the ultimate goal is to evolve a system
which utilizes spacecraft as the main lnetrument of remote

‘~a‘data gathering.



-b. The Data Acquisition and Pr0cesslng Program (DAPP).

'.It is learned that a unique and valuable data system
'employed by the Department of Defénse and the U.S. Air
‘Force's Air Weather Service (AWS) has been made available

. to the public recently.' The DAPP satellites are in polar
orbit, approximately 450 nautical miles above the earth
and have a period of one hour and 41'minutes. Normally,
two satellites will be in operation and they can provide
imagery data over any spot on the earth 4 times a day .

| in a six-hour perlod. Real time data within the acquisition
range, approxlmately a radlus of 1500 miles of the receiving
station, is provided to the tactical sites while the Air
Force Global Weather Central (AFGWC) receives stored data
of global coverage. The DAPP are provided with four

trspectral intervals capabxllty. namely 1)} VHR data in the

0.4 to 1. 1 microns range with 0.3 nautical miles resolution.

: f2) WHR data in the 8 to 13 microns wavelengths with 0.3
’@}nautical miles resolution. 3) HRD data in the 0.4 to 1.1

microns range with 1.5 nautical miles resolution and

 4) IR data in the 8 to 13 microns wavelengths with 1.5

- nautical miles resolution. The infrared products (WHR
and IR) receive emitted thermal energy from 310°K to
210 degrees K. It is also provlded with the flexlblllty
to receive 1 degree increments in grey shade steps from
2 to 16. There are also available other enhancement
optlons such as processing the visual imagery through the

" IR modé to delineate hydrological features. It is
'expected that a vertlcal temperature profile radiometer

" (VTPR) and a microwave radlometer will be included in the

future. _

It seems that the DAPP program has prov1ded wrth

the required Thermal Band and ‘'other capabllitles for remote
sensing of water surface temperatures. Before the ERTS-B
“becomes . available, the DAPP may be consxdered to be used

.for the propoeed study.,_'
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6. The NASA Kennedg Space Center Remote Sensinyg Fac111ty
Presently the Kennedy Space Center has a c-45-H

 TRI—BEECHCRAFT (NASA-6) equipped with photographic sensors,

instrumentation sensors ‘and- radiometers for Earth Resources

. Survey. It is also equipped with an environmental mea-
surements system for meteorclogical measurements such as
air temperatures and dew point. The infrared scanner can
provide two‘epectral channels (3-5.0 and 8-14 microns)

witli an instantaneous fleld of view of 2.5 mxad. Its

data output can be magnetic tape imaged on film or computer
procassed. It can also provide real tlme CRT image. The

. data analysis facility in the Kennedy Space Center includes

a digicol, a microdensitometer, an additive color viewer,

a zoom transfer scope, j‘photointerpratatlon station, a
stereo viewer, a versatile plott;ng table, variscan, a

.-thermal scanner, and analog tape drives. They are. expected
" to add a mult;spectral analyzer, a Digicolor, a Planimeter, .

two microdensltameters, a versatile plotting table, a

. gtereo plotter and a viewer printer in the néar future.
The 8-14 micron thermal band is suitable for water surface

_ftamperature meaeurement and the well equipped data analys;s
'facility should be very useful in the proposed study. -
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G, REMOTE SENSING OF WATER VERT;&L EEMPEBAIQBQ ROFILE
SALINITY AND TURBIDITY

The feasibility of measuring water temperature in
depth. salxnlty and turbidity remotely has been studied care—
fully. Many ideas have been given serious 1nvest1gatlons.
Some p0351b1e approaches are dlscussed below.

1. MEASUREMENTS OF WATER TEMPERATURE IN DEPTH AND SALINI

~In the-measurement of water temperature in depth _
-and salinity remotely, the active method of using laser beams
' is considered. Laser beams can be directed downwaxd into the
' sea and the resulting upward emission“(fluorescence) measured.
These measurements can probe deeper layers of the water, because
unlike paeeive‘methods where infrared must be used, visible
light for which the ocean is more transparent can be used for
A active measuring. The most transparent part of the spectrum
'for'the‘open ocean is in the blue-green, where under exceptional
‘c1rcumstancee penetration of 100 meters is practlcal

A pulsed laser beam can be directed into the ocean.
'Returnlng fluorescent radiation can be timed and its. depth
. or origin determined. Frequency shifts (Brlllouln effect) are
observed proportional to the sound veloclty in the water, Whlch
can be directly related to temperature under conditions of
constant pressure and salinity. Pressuxe can be directly
measured knowrng the depth, and 8o, if a constant sallnlty can
. be assumed in the open ocean the temperature can be measured
‘as ‘a function of depth '

The relatlon between SOund and veloc1ty and the

- _factors it depends on (pressure, temperature. and salxnmty) ie

‘glven by a simplified verslon of Wilson's" formula.:
C=4422 + 0.0192y’+;i1;25T‘-'ogotsr? + 4.3 (s-34) ft/sec.
Where y= depth in feet

T= temperature in. degrees ‘F and
8= eallnity in parts per thouasand -
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. There are more accurate versions of this relation

but these are quite complicated and only differ from the above
in second-order correction terms. For the purpose of this
discussion, this formula suffices. In the open ocean (non-
‘estuary type condition) the salinity would'be quite constant

and its variation could be ignored. Then, since the sound :
velocity and the depth would be measured, the temperature could
be calculated from the above relation. An interesting alternate,
. provided that the measurements are sufficiently accurate, could
exist for measurements in bays and estuaries where the salinity
would be expected to undergo marked changes. Using other

' methods to determine temperature remotely, the salinity could

be measured by this technique without using any sensors in the
~ocean. In some pollution and oceanographic studies, salinity

is an important parameter and its remote measurement could

prove very valuahle. It should be understood that the cal-
~culations using this new method would use a more exact re-
lationship than the vereion presented in thie report.

o . A Raman pulsed lidar operating in a low absorption
_ region near 0.47 micron, Figure III-4, can he ueed aboard
the aircraft to penetrate beneath the sea surface and monitor

- types and amounts of major cohstituents of the sea. water. The
~ Raman frequency-shifted signals backscattered from the sea
~ should provide the signatures for each constituent., The
‘amplitude of each Raman shifted signal . ehould indicate the con-.-
- centration of that particular constituent. ’

The pulsed lidar can give a bottom profile of the

bay along the flight path of the aircraft. It also should be
possible to measure the turbidity'df ‘the gea water by placing
reflectors at specific pointa at known depths and measuring

the attenuation of the lidar signals reflected from those tergete.
The lidar would need to be carefully calibrated in terms of -
Bignal amplitude in order to obtain- abeolute values of turbidity.
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Also, the'éttenuation measurements would have to be correlated
with some ground truth tﬁrbidity measurements. Decibels
dttenuation per meter would‘equate to specific'turbidiﬁy values.
The narrow beam aperture of a lidar would provide excellent
‘fesplution in the water fréﬁ aircraft altitudes.
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D. DATA FORMAT, PROCESSING AND ANALYSIS
In the early stage of the project, probably it would

be best to record the airborne remote sensor data in analog
fashion on magnetic tape along with date, time, geographic
~location, and any other necessary information. The analog data
‘ean be converted to digital on the ground for processing. This
iwill permit experimentation to determine the optimum analog-to-
digital conversions and avoid poor prior choices in digitizing.
Also, apeotral‘studies can be made of the full bandwidth original
‘data whenevaer desired.

' Ultimately, automatic digital data processing should
be used. for all the airborne remote sensor data as well as for
the corresponding ground,truth data. Space-scale interpolations
and extrapolations of the data can be done by computer and
Leolines of the results can be drawn automatically for
the area under studied. Also, correlation coefficzents can be
‘computed automatically.w \

_ A computer routine called Fast and Easy Time Series
‘.Analysle (FESTSA) may be employed for data analysis. This
‘syatem is developed by Stephen R. Jaeobaon in the Unlverslty of
Miami Computing Services., It is used to perform analysls of
ftime or frequency related data with a minlmum of computer know-

'.Qledge. This analysis is performed w1th filtering, power spec-

trum, correlation, transform, statistical, and spectral matrix
techniques. Time series analysis has been used extensively

in the physical sciences, engxneerlng and economics. It is

- now being used on other data-gatherlng fields such as medical
sciences, psychology, and 50c1ology.. This type of analySLS

is extremely useful for modelling physical processes. A

_time geries is a linear array of data points that are related
to some independent variable, such as, ‘but not necessarily time.
-This data may be obtained by automatlc gampling and recordlng
equipment, hand tabulatlon, or numer;cally produced by a

mathematical model. The data points may be stored in any
machine readable form for input to FESTSA.
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The system itself is composed of a set of FORTRAN
subroutlnes. These subroutlnes, in addition to data analysls,
utilize an efficient and convenient method of data storage and
retrieval. Besides the analysis routines, a numbe: of data
- manipulation and visual repiesentation routines have been
included to provide a complete software package for data

analysxs.



10.
11.

12.

13.

14.

- -45-

References

Cato, G.A., A Survey of Sensors for Early Reqeurces Sensing,
AIAA Earth Resources Meeting, 1970.

Curtis, W.R; and Rao,‘P.K., Gulf Stream Thermal Gradients
from Satellite, Ship, and Aircraft Cbserxvations, J. Geo-
physical Research, 74, 28, 6984—6990, 1969.

EW1ng, G.C., Editor, Oceanograghx From . Sgace, Ref. No, 65-10,
Woods Hole Oceanographic Institutlon, Woods Hole, Mass., 469,

PPe, 1965.

General Electric Company, Space Division, Valley Forge Space |
Center, Earth Resources Technoloqy Satellite Data Collection

"Platform Field Installation, Operation and Maintenance

Manual, 246 pp., 1972.

Greaves, J.R., et al, "The Feasibility of Sea Surface Temper-
ature Determination Using Satellite Infrared Data," NASA

Hovis, W.A., Interaction of Infrared Energy with the Earth' S
Atmosphere. AIAA Earth Resgources Meetlng. 1970. '

.Jacobson,‘J.R..-FESTSA - A Syetem for Time Series Analysis,

University of Miami Computing Service.

Landgrebe, D. A., Data Analysis and Remotely Sensed Data, AIAA
Earth Resources Meeting, 1970.

~ National Aerconautics and Space Admlnlstratlon, Data Usexrs.

Handbock Earth Resources Technoloqy Satellite, Document No.

718D4249, NASA Goddard Space Flight Center, 146 pp., 1972

Natural Academy of Sclences, "Remote Sensing with SPec1al
Reference to Agriculture and Porestry, " 1970. _

Nordberg, W., Earth Observation Sensors, Int'l. Workshop
on Earth Resources Survey System, Vol. 1, 277-281, 1971l.

North, G.W., Remote Sensing of Env1ronmental Pollutlon, Earth
Resources Survey System, Vol. 1, 291-300, 1971.

Offlce of Naval Research, Geography Branch. Proceedings of
the Third Symposium on Remote Sensing of Environment, Second
Edition, Institute of :Science and Technology. The University
of Michigan, Ann Arbor, Michigan, 821 pp., 1964.

Rao, P.K., Sea Surface Temperature Measurements from Satellites,
Marine Weather Log, Vol. 12, No. 5, 152-154, 1965.



15,
- 16.

17,

20.

-45a-

Pao, P.k., Remote Sensing of Sea Surface Temperature from Earth
Satellite, Earth Resources Survey Systems, Vol. II, 595-606,
1971. :

Park, A.B., The Earth Resources Survey Elight'Programs, Int'l
Workshops on Earth Resources Survey Systems, Vol. I, 133-137,
1971. :

Penner, S.S. and T. Jerskey, Use of'Lasets for Local Measure-
ment of Velocity Components, Species ,Densities, and Tempera-
tures, 1973.

Saunder; P.M.,'Corrections for Airborne Thérmometry, J. Geophys,
Res. 715, 7596-7601, 1970. '

. Shaw,. R,W. and J.G. Irbe, Environmental Adjustments forlthe

Airborne Radiation Thermometer Measuring Water Surface Tempera
ture, Water Resour., Res._8, 1214-1225, 1972. :

Shenk, W.E., A Multispectral Method of Measuring Sea Surface

' Temperatures from Satellites, 4th Annual Earth Resources Pro-

21-

23.

24 .

gram, Vol. 1, 1972.

Smith, W.L; et. al., The Determination of Sea-Surface Tempera-
tures from Satellite High Resolution Infrared Window Radiation
Measurements, Monthly Weather Review, Vol. 98, No. 8, 604-611,
1970, ' : , . :

Tien,-C.L.,-“On-Environmental Corrections for ART Measurements
of Water Surface Temperature"”, to be published. -

‘White, P.G., Remote Sensing of Water Pollutidn, Earth Resources

Survey System, NASA Vol, II, 303-321, 1971.

wYatt,‘P.J. et. al., The Infrared Transmittance of Water Vapor,



-4 6=

IV. GROUND TRUTH AND IN-SITU MEASUREMENT

A, Basic Requirements '
The purpose of the in-situ measurement is threas-fold:

1. to provide ground truth data for remote seznsing.
2. to provide boundary conditions for the mathematlcal
model.
3. to provide a check as to the accuracy of the model.
The variable measurements that are required by thls
1nveet1gat10n are-, .
1, surface water temperature for remote sen31ng—ground
truth
2. vertical water temperature profile
3., vertical water salinity profiles
4, 'temperatures and salinities from horizontal transects
5. contlnuoue monitoring of water temperatures
6. current measurements
7. ‘dieeolved oxygen measurements.
8. turbidity measurements
9. water level heights
_Thus, in each case we are presented with the task of deter-—
minlng the variable to be measured the method of acqulrlng the
data, and the instrument to be used.

a. Surface Water Temperatures foxr Remote §eneing¥Gr0und
Truth :

The temperatures of the surface water in the estuary are
important parameters wlth respect to the ground truth of the re-
mote sensing operation. The temperatuxes may be obtalned in two
general ways. The first method uses a point data source. This
may be accomplished by the use of buoy installations, uslng the
Endeco Type 137 Temperature Data Buoy Syatem, which senses and
records the temperatures at geveral surface locations, and re-
cords the data at one of the buoys. The second basic method is
by use of the Bissett-Berman Thermosalinograph for transect data.
This transect data prov1des a_continuous temperature record across
a horizontal path within the estuary. For measurement of
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-temperature at any peoint in the estuary, at any depth the
. Martek Mark III Water Quallty Analyzer would be an jdeal
instrument, _

b. Vertical Water Temggrature'Proflles ,

. Vertical temperature profiles are qenerally of one or two
types, either continuous plots, or generalized plots, obtained
by lnterpolatlng between many data points. The contlnuous
method resulta in a continuous plot of temperature versus depth
The basic instruments used are bathythermographs for deep work,
and STD's (salinity-temperature~depth meters) for deep or shal-
low work. In a situation where the desired data range may be
from 0-10 meters, or from 0-100 meters, an SID, such as the
Plessey Model 9040 Telemetering STD would be very practical and
versatile. The array type systems lncorporate several single
temperature sensors on a vertical line to give several points
" of temperature versus depth. The degree of possible inter-
-”polatlon depends heavily on the distance between poxnts, and on
density stratifleatlon. The array of sensors might be 1owered
then raised, or put in contlnuous operation by using an 1n-sltu,
‘6r telemetry data gathering system. A possible array system
might consist of a number of Plessey Model 40005 Temperature
Sengors arranged on a cable, suspended vertically into the water.

c. Ve;;icgl'Water Salinitx,Profiles' ' |

The measurement of vertical salinity profilee is.very_hueh
like that of vertical temperature profiles, that is, continuous
or-array. Thus the Plessey Model 9040 TeLemetering STD wouid be
very practical, _since accurate data is obtained by simple lower-
ing and raising of the STD. The array method would also be
“gimilar to that of the temperature measurement as only the Plessey
| odel 6015 Conductivity Sensor would be used.

d. Temperatures and Salinities from Horizontal Transects

The acquisition of transect data is extremely important for
two main reasons. Firast, the infrared scanning of temperature
on an estuary or bay result in a "map" of thermal areas, and
-transect data’ ehow temperature contours in a fast ‘and’ accurate
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wéy. Secohd,_the contours of temperature and salinity around
‘a thermal discharge area tell much about the mixing mechanisms
of the estuary, which are important, since the installation of
fixed data stations depends on determination'of the “critical
- points" of circuiation and thermal concehtration within the
‘ es£uary; Fof transects, the Biésett—Berman Model 6600T thermo-
sallnograph is an excellent system which, When installed- on a’
small surface craft, permits fast, accurate transects prov1d1ng
the necessary data. ,

e. Contlnuous Monltorlng,of Water Temperatures

. The contlnuous monltorlng of water temperatures is lmpor—.'
tant to the remote sensing aspect of study, and to the mathe-
matical model aspects. The continuous monitoring, as needed
‘at say six buoys, could be performed by the Endico Typehl37
Temperature Data Buoy System, In other cases of continuous'
measurement, the incorporation of temperature meashrement with
" the measurement of other paraméters would be useful, and, be-
fore installations are made, studies of such comprehensive sSys—
- tems as the Kahlsico Hydrolab System, or the Endico Type 146
'Env1ronmental Monitoring System should be made.

' f. Current Measurements

~ The measure of current ‘is important for the mathematical
model, and for the study of the.estuarlne clxculatlon_pattern.
The type of meters used depends on the accuracy required, and
on the type of installation. The Plessey M027/2M-Diréct Read=
'~ ing Current Meter is a very simple device that measures the
current as it is suspended from a ship, but an operator is
needed. In contrast, instruments such as the Endico Type 110
Remote Reading Current Mater,_or the Plessey MO21 Recordxng |
current Meter are in-situ devices that record data, and long
term measurements are possible.

g. Dissolved Oxygen and Turbidity Measurements, and
the Application of Comprehensive Systems ‘

The measure of such "specific" variables as dissolved oxygen



content, turbldity, and even pH is probably best performed by -

one of the many "comprehenszve" data systems. Thes=s systems

are typically very versatile, and may be adopted to the situ-

ation at hand through the manufacturerfa design and counsel,

and the installation of the system - Such available systems
' are the Plessey Submersible. Water Quallty System, the Martek

Mark III Water Quallty Analyzer, and the Endico Type 146 En-
v1ronmental MOnltorlng System. Slnce with any measure of dlssolved

oxygen or turbidity, the investigator would more than likely

beneflt from the knowledge of cther parameters,such as salinity
tand temperature, the use of one of these‘"comprehen51ve" systems
' is recommended. Close cocperatlon_between the investigator and

the supplying company would result in the moet-effiqient‘and com=
plete use of equipment, money, men and time. '

: h, Wager Level _ |

The measure of waterllevels at specific points ia an_iﬁ—

portant operatiOn. The circulation and water movements within
:an estuary are greatly affected by the various levels within the
water. Measurement of spec1f1c water levels at given times is
"important, and may be accomplished by use of the Fischer-Porter
ADR-Electronic Timer Tide Gange.

B. - ' its - Vagis £0.be ized. and Applicable

Instruments
i) Temperature
1, temperature at a point
a- Kahlsico Reversing Thermometers-very accurate, vet

lmpractlcal for large amounts of data.

b= Prodelin Data Ach1Sltlon System
c- Aanderaa Meter Model 4-buoy :
a- Mnrtek Mark II & III Water Quality Analyzer portable.'
e~ Plessey Submersible Water Quality System #MM4 buoy
f- Plessey Model 4005 Temperature Samsor buoy
g—'Plaesey STD System model 9040 telemetering

' - model 9060 self contained
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- Kahlsico Hydrolab System comprehensive

Endeco-Remote Reading Current & Temperatur::
' Meter Type 1l0-boat: '
Endico Temperature Data Buoy System Type 137
'Endlco'Type 138 Remote Readlng/Record;ng Current
& Temperature Recorder _
,Endlco Type 146 Envrronmental Monitoring System -
Comprehensive.
Beckman EnV1robr1dge-Sa11nxty—TemperaturewBrldge—
Model EV5 _ _
Beckman Envirometer-cenductivity«Temperature Meter—
Model EV6
Temperature Profile - Vertlcal
NOTE: Systems mentioned are those specifically de-
' 51gned for proflllng, though systems of point-
recordlng instruments on a line may glve gen-
eral vertlcal proflles. :
Plessey-Model ‘9040 Telemeterlng STD

b- Plessey-Model 9060 Self-contalned STD

3.

(S

Kahlsico #202WAl25 Bathythermogreph

1Temperature.Prbfile - Horizontal

a-

Bissett-Berman Model 6600T Thermosalinograph

b- Plessey - Model 6600T Thermosalinograph

Current

1- Prodelin Water Acqulsltlon System

A
P
P

anduraa - Model 4
lessey - MO21 Recordlng Current Meter bhulletin
lesgey M027/2M Direct Reading Current Meter - need

operator

K

ahlsxco #232WA060 Current Meter

Kahlsico-Gemware Model #232WAODBO Current Meter

E
E

ndeco Type 110 Remote Reading Current Meter
ndeco Type 138 Remote. Readxng/recordxng Current

and Temperature Recorder

E

ndeco Type 146 Envrronmental Monitorihg Syetem



wh]l=-

1ii) Salinity |
1.  Salinity at a point
a- Prodelin Data Acquisition System
b- Aanduraa Meter Model 4
c- Martek Mark II & III Water Quality Analyzer
d- Plessey Smeérsible*Water Quality System MM4
e- Plessey Model 6015 Cconductivity Sensor
f- Plessey STD Systems - Model 9040 Telemetering
Model ‘9060 self contalned
g~ Kahlsico Hydrolab System ‘
h~ Endico Type 146 Environmental Monitoring System
i~ Beckman Envirobridge - Salinity - Temperature
‘Bridge - Model EVS5 | |
j= Beckman Envirometer - Conductivity ~ Temperature
Meter - Model EV6 ' | '
Z. Salinity Profile - Vertical
a~ Plessey STD systems ~ Model 9040 Telemeterlng
‘b~ Plessey STD system -~ Model 9060 self contained
3. Salinity Profile -~ Horizontal '
a- Bissett Berman Model 6600T Thermosalinograph
_ b- Plessey - Model 6600T Thermosalinograph '
iv) Disaolved Ooxygen “ ' '
l— Prodelin Data Acquisition System
2- Martek Model DOA In—Sltu Dissolved Oxygen Monltor
3- Martek Mark II & ;II Water Quality Analyzer
4- Plessey MM4 Submersible water Quality System:
5- Kahlsico Hydrolab System ' .
é- Endico - Type 146 Environmental Monltorlng System-
v) Turbidity '
1~ Prodelin Data-ACquisitidn System
2- Martek XMS ln—31tu Transmissometer
3- Endico Type 146 Environmental Monltorlng System
4~ Beckman Envirotrans Model EV4 Turbldlmeter
vi) . Data Acgu191tion sttems

NOTE- Most of these systems are quite versatile, and

require adaptatioh to pérticular needs .
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1- Prodelin Data Acquisition Systeﬁ

2- Martek Model EDR Environmental Data Recordex

3- Maetek Series DAS Data Acquxsxtlon & Tee,metry System
4- Endico Type 146 Environmental Monitoring System

vii) Miscellaneous Instruments

1- Fischer~Porter ADR—Electronlc Tlmeerlde Gauge
2- Martek Model HMS in-situ pH monitor
3- Plessey M024/2 Tuned Hydrophone Receiver
4~ Plessey M091/1 Tape Translator
S« Plessey Model 4031 Sound Vélocxty Meter
6- Beckman Enviroeye Model EV3- Electronic Secchi Disc
7- I.B.R. = Model AXBT-25000 - Air-Deployed Expendable
~ Bathythermograph ' o
- 8- I,B,R, -~ Expendable Shallow-water Surface Current
Probe - Model XSSC - ‘ ‘
9- I.B.R, = Expendable Depth/Mass Transport/and Surface
, Current Probe - Model XDTC S
‘yiii) Comprehensive Systems .
‘ NOTE: These Systems are in general very versatlle, and
are highly adaptable to the needs of the inves- .
tigation. Note the appendix for the detailed re-

view of these systems, keeping in mind that the
actual system configuration and operetion are de~
pedent on the specific data needs of the in~
vestigator.' | |

1- Prodelin'Data Acquisition System

2- Martek Mark III Water Quélity Analyzer

3~ Martek Model EDR Env1ronmental Data Recorder

4- Martek Series DAS Data Acguisition & Telemetry Systems

5- Plessey - Submersible Water Quality System'

6- Kahlsico Hydrolab System

7- Endeco Type 146 Epvxronmental Monitefing System
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C. Feasibility of Ground Truth-In-Situ Measurement, and
: an Example of a Posslble System

The task of measuring the varlables, in relation to remote
_seﬁsing; at the surface water, and within the estuary, ap-
pears to be a highly feasible operation. The basic plan can-
siSts of two phases. The first is a basic'operation; perferm-
~ed to get a qualltatlon "feel" for the ranges of parameters to '
be measured -and an 1n51ght into the dynamic action of the
estuary. The second phase is the contlnuous monltorlng ‘and
study of the estuary.

The basic parameters to be measured in the first phase
are temperature, sallnlty, and veloclty. Both vertical and
horizontal dataare needed. The basic objectives of the first
phase are to provide ground truth, to determine the ranges of
the parameters, and to study the general circulation patterns,
~in order to find out the “critical” or 31gn1f1cant areas of
‘m;xlng or . stagnatlon. Transects and point studies are needed,
Wlth the observatlons performed by use of instruments such as
the Plessey Model 9060 or 9040 STD, and the Blssett-Berman Model -
'6600T Thermosallnograph with the Plessey MDZ?/ZM Dlrect Readlng
Current Meter. .

The second phase of data acquisition 1nvolves the continuous
monltorlng of many parameters, and transect studies to prov1de
ground truth and to study estuarine processes. The study of
the many parameters, temperature, sallnlty, current - depth, dis-
solved oxygen content, turbidity, and pH, is possibly best per- |
formed by such a system as the Endeco Type 146 Environmental
Monltorlnq System. The transect studies can be obtained by the
Blsaett—Berman Thermosallnograph _
o Presented here 'is an instrument system whlch would provide
-essentlally all of the data necessary in the study. This is not
necessarily a "minimal" system, yet may be called a "basic"sys=- '
tem. Modifications or addltlons mlght be necessary as specific
needs or interests arise, but this system should provide a good -
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. measurement system for ground-truth in-situ needs. The Bissett-
Berman Model 6600T Thermosalinograph is necessary, in that very
complete surface temperature and salinity data may b=# obtained
qulckly, and with a high degree of accuracy. The Martek Model
Mark ITII Water Quality Analyzer would be very ugseful, in that it
'measures the water temperature, conductivity, dlssolved Oxygen,
and pH at any depth. The Endeco Temperature Data Buoy System
Type 137 would pfovide continuous monitoring and recording of
water surface temperatures at several points, by a system of
data buoys and a central data’ collection statlon. Current ve-
locity 1nformat10n is necessary, and may be obtained by use of
the Plessey M027/2M Direct Reading Current Meter. This basic
system is subject to economic con31deratlons, and further develop-
ment would have to emphasize "this aspect. o
‘ T&ble IV-1 presents the basic information on parameters to
‘be measured the general method used, and an example of an in-
strument which might be used in each case.  Diagram IV-1 pre-
sents the basic data acqulsltlon process in symbolic form. Dia=-
grams Iv-2 and IV-3 show the general data acqulsltlon scheme ap-
plied to a general estuary in the horlzontal and vertlcal re-
apectively._

. The study of the ground data is a direct, necessary and some-
what straLGhtforward operatlon. Commercially avallable instru-~
ments prov1de a data acquisition system wh1dh when deSLgned pro=
perly, will provide an accurate, complete, and relatlvely in-

expensive method of data study. .
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v. SITE STUDIES

‘In order to demonstrate how the proposed model may be ap-
plled to different sites of existing and future nuclear power
plant sites, many sites around the country were 1nvest1gated
Special emphasis was placed on the Florida Power and Light Com-
pany‘'s power plant facilities at Turkey Point and Hutchinson
Island. These two plants provmde an interesting topographlcal
contrast for the testing of the mathematlcal model's universal
nature. The Turkey Point plant is located on a shallow 1agoon
type estuary while the Hutchlnson Island plant will discharge
into an offshore shelf, The proximity of both sites to Kennedy
Space Center and the Unlver51ty of Mlaml will enable moxe con-

. venient coordination of ground truth and alrhorne remote sensing
efforts. Brief outlines of twelve prospectlve users of the model
and aBSOCLatEd surveys are presented in this section. These

sxtes are divided into four geographlcal categorles, namely,

A) Florida, B) Atlantic Coast, c) Pacific Coast and D) Great Lakes.
© The plants are classified by their size, type of reactor, cooling
system and topography. A summary of this study is given in Table -
v-1 of this section. More detailed information on these sites

may be found in Appendlx B of Part I of this report. The inform?
ation has been complled from the Env1ronmental Reports and Im—
pact Statements from the various plants and from the Nuclear News,
a publlcatlon of the American Nuclear Soclety.
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A. GEOBRAPHICAL REGION: FLORIDA

PLANT: Turkey Point; Florida Power and Light Co.
GEQGRAPHICAL DESCRIPTION: The Plant is located on a small

point of land in Biscayne Bay, a shallow lagoon type estuary.

CAPACITY AND TYPE:
Unit 1 oil 432MW
Unit 2 o0il 432 -
Unit 3 pwr 728 A"
Unit 4. pwr 728 "

TOTAL 2320 MWe

' COOLING SYSTEM: The total discharge is 4250cfs— The orig-

inal once “through circulating water system discharged water
approxlmately 3°C above ambient into Card Sound. The system
was later modified to go through a network of canals., Details
of the system and related studies are given in the appendix.

K - REMARKS:: For use in testing the_mathamatital'model; data

2.

acquired from previous ground truth studies may be used.

PLANT: Hutchinson Island; Florida Power and Light Co.

-GEOGRAPHICAL DESCRIPTION:

The site for the Hutchinson Island Nuclear Power Plant ‘
consists. of approximately 1,132 acres on Hutchinson Island
in St, Lucie County about halfway between Fort Pierce and
Stuart on the east coast of Florlda. The site is generally
flat, covered with water, and hag a dense vegetatlon char~
acteristic Cf"Florida'coastal mangrove swamps. = At the
ocean shore the land rises slightly in a dune'or fidge_to

_ approxlmately 15 feet above mean low water,

CAPACIEI AND TYPE: One PWR unit with a capac1ty of BSOMWe
will enter service by 9/75, and will be complemented by a
second identical unit by 9/79. , _
COOLING SYSTEM: The,circulatihg'watet system will discharge
to the Atlantic Ocean by means of a canal and pipeline ter~

‘minating in a two-part Y type discharge at a depth of 20 feet.

Both parts w;ll be 7.5 feet in diameter and the dxacharge



velocity from each part will be about 13 fps. The tem-
perature rise of the cooling water will be 24°F at full
load of 850MWe For normal full load at 745MWe the tem-
perature change will be 21°F. |
REMARKS: Florida Power and Light Co. has sponsored and
is presently undertaklng numerous environmental studies
- of Hutchlnson Island to insure that the condenser cooling .
water dlscharge will be compatlble w1th the exlstlng ocean,
'env1ronment. -

X
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B. GEOGRAPHICAL REGION: ATLANTIC COAST

PLANT: Brunswick Stuam Electric Plant: Carolina Power

and Light Co.

- GEOGRAPHIC DESCRIPTION:

The plant is located in Southport, North carolina on the.

Cape Fear estuery.'

CAPACITY AND TYPE: One unit, a BWR of 821MwWe output is

now operatlng,'an 1dent1cal plant will enter service in
12/74. , L

COOLING SYSTEM: A high velocity jet (Lo fps) 2750cfs, 18°F
above ambient temperature, is the discharge of a ~once . ‘

'through coollng system.

REMARKS: Typical gseasonal observed amblent temperatures in

the discharge area.
Jan. 11.0°C, April 10.2°C, June 20, 20 C Aug. 28.5°C, Oct.'

21.7°C.

PLANT : Shoreham Nuclear Power Statlon, Long Island Lightingi

GEOGRAPHICAL DESCRIPTION:

______-—-—_—-—-—l———___-"

On Long Island Sound.

' CAPACITY AND TYPE: The 819 MWe BWR will commence operation

by 6477

‘COOLING SYSTEM: A multiport diffuser will dischatge 1320cfs

of water 19. 7°F above amblent to Long Island Sound.

REMARKS: A thermal plume parallel to shore and of. small

maximum temperature dlfference from ambient is expected.

PLANT: Millstone, Northeast Utilities.
GEOGRAPHICAL DESCRIPTION: |
Near Waterford, Conn. at the tip of Millstone Point

on Long Island Sound.

"CAPACITY AND TYPE: Eventuallv three units will operate on

the site. Unit one is a 652MWe BWR. Unit two and three
will be PWR of 828MWe operating by 11/74, and 1750 Mwe
operating by 10/79, respectlvely. |

' COOLING SYSTEM: A oncé through c1rculat1ng water system w111
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result in the discharge of 4155cfs at'a“maximum'full load

temperature rise of 20°F.
REMARKS: Dye dispersion‘studiés'have been used to identify.

‘ &iSchargé‘plume.characteristics.
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C. GEOGRAPHIC REGION: PACIFIC COAST

PLANT: Humboldt Power Plant; Pacific Gas and Electric Co.
GEOGRAPHIC DESCRIPTION:

The Humboldt power plant is located on the shore of
Humboldt Bay, Calif., a bay with iﬁsignificant fresh water
sources, where tidal currents are the prxncxpal exchange

mechanisms.

CAPACITY AND TYPE: Two fossil and one nuclear unit (BWR) of

172 MWe total production (68 MWe nuclear) are located on the
site. The plant has been operated since 8/63.

.COOLING SYSTEM: A once through circulating water system of

Bay water is used to cool the condensers., The maximum total

 flow‘is‘230 4 cfs at 7.3 fps. The average. temperature rlse

of the effluent is lB°F above ambient.

REMARKS : Extensive infrared remote sensing and ground truth
gstudies‘by Bendix Co. and other contractors have been under-

taken to delineate the extent of the area affected by the

.thermal dlscharge.
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D. GEOGRAPHICAL REGION: GREAT LAKES

PLANT: Zion Nuclear Power Station:_dommOnwealth Edison Co.
GEOGRAPHICAL DESCRIPTION:

The Plant is located by the shore of Lake Michigan,
'approxlmately half the distance between: Chlcago and
Milwaukee. ' '_ l. -
‘CAPACITY AND TYPE: 1100 MWe, BWR, completion expected by
12/73. ' I
COOLING SYSTEM: Discharge will be from two submerged jets
760 feet from shore and 159 feet north and south of the
inlet line 45° angle with inlet. |
AT max = 20°F.

' PLANT: Point Beach Nuclear Plant; Wisconsin Electric -
‘ Power Co. and Wisconsin Michigan Power Co.

' GEOGRAPHICAL DESCRIPTION:
| The plant zite is in Two Creeks, Wisconsin on the
shore of Lake Mlchlgan.A o | S
CAPACITY AND TYPE: Two-PWR units of 497 mwe each began
' operation in 12/70.
COOLING SYSTEM: Jet discharge 150 feet off shore 18" below
lake level. gmax = 700000 gpm
' | ATmax = 19. 30F
When ambient water temperature is below 40°F -

- Qmax = variable 520000 to 428000 gpm

ATmax = 31.5°F; Therefore Tmax outfall = 71. 5°F

PLANT: Kewaunee Nuclear Power Pla = Wisconsih-Public
Service Co. o

GEOGRAPHICAL DESCRIPTION: - _

on the shore of Lake Michigan in Kewaunee'Countf,
N Wisconsin. o o PR o
CAPACITY AND TYPE: A PWR of 540 mwe which is expected.to
enter service 12/73. | | |
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COOLING SYSTEM: Circulating water 413000 gpm, AT = 20°F
in winter; 287000 gpm, AT = 28°F in summer.

_PLANT: Donald C. Cook: Indiana & Mlchlgan Electrlc CO.
American Electric Power

GEOGRAPHICAL DESCRIPTION.
| Lake Township, Berrlen County, Mlchlgan, about 11
miles sbuth-southwést of the center of Benton Harbor. An
area of 650 acres alohg the eastern shore of Lake Michigan.
CAPACITY AND TYPE: Two identical units employing PWR's to
produce 100 Mwe began operation in 1972,
COOLING SYSTEM: The circulating water system pumps water
. fiom intake strgctures on the shore of Lake Michigan and
' returns the heated effluent to discharge elbows 1100 |
' feet from shore. With both units operating at design load
2260 million gpd 20°F above ambient temperaturels dlscharged.
'REMARKS: The cooling system is designed to mlnlmlze mixing
" with lake water and maximize heat loss to the atmosphere.

- PLANT: Enrico Fermi, Détroit Edison Co..”
GEOGRAPHIC DESCRIPTION:

. The plant is within the llmlts of Newport Mlchlgan,
on the shore of Lake Erle. : ‘
CAPACITY AND TYPE: The nuclear unit is a BWR 1150 nwe,
COOLING SYSTEM: Blowdown discharge is the only effluent
to enter Lake Erie, the bulk of the coollng is done by

a closed system. , .
REMARKS : The maximum flow to the lake is 1200 gpm, at a
AT of 12°: in ‘July and 23°F 1n Jan., -
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'
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Commercial ‘
Operation System
7/72 Biscayne Bay by canal neﬁwork_system,
4/73 Total 4250 cfs.discharge. '
. 12/74 Discharge to Atlantic Ocean by mears
. 8/79 cof a capal and pipelines :
. ) " 21°N 24°F temp. rise,
12/45 High'veiocitg jet, once through
12/74 2750 cfs, 18"F above ambient.
6/77 Multéport diffuser, 1320 cfs=s
o “19.7°F gbove ambient’ .
' .
1z2/70 Onge throuch, 4155 ¢fs with max.
_1l/70 207F temperature. !
10/79 : , $
8/63 one through, 230.4" cfs at 7.3 ofs
: _ with 18"F above ambient,
" 6/73. Suéﬁerged‘jét into Michigan Lake
12/73 - +20°F temp. rise, :
'12/72 ., Sumberged jet, 150 feet off shore int
- 10/72 Michigan Lake. 19.3°n 31.5%% temp zi
- 12/73 413,000 gpm into Lake Michigen with
S 207 N 2B"N temp. rise.

C8/74 1,570,000 gpm intg Lake Michigan 1100
o off shore-with 20°F above ambient. .
&4/17 A closed system but with blowdown

8/81

discharge into Lake Erie.

!
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VI. DISCUSSION OF RESULTS / CONCLUSION

In this feasibility study, the advantages and shortcomings
:'of many existing mathematical models for the thermal discharge
study have been carefully analyzed, Many alternatives have been
. considered. After a trade-off study on the many possible ap-
proaches,‘a general three-dimensional model has been recommended.
This model is universal in nature, and 1ncludes the effects due
to buoyant forces, temperature dletrlbutlon, ‘salinity dlstribution,f‘
‘ tides, wind and boundary geometry. Different numerical schemes
that could be used in the solution of the governing equatlons have

- been - con51dered and given serious study. The three-dxmenSLOnal
extension of the Marker and Cell method developed by the Los Alamos
gxroup (Harlow, Welch, et al) is recommended to be used for the nu-
merical calculation of the model, It has advantages for the

. treatment of free surface prcbleme. It is concluded that, with

the aid of the latest developments in numerical evaluatlon schemes,
an analytical treatment of the proposed model study is feasible.

. To prOV1de input for the model development, the I. R, Scanner
-lls recommended for use in measur;ng water surface temperature re-
motely and the 8-14 micron thermal band is cons;dered_to be the
most suitable band for thls purpose. The maximum emission of a
blackbody correspondlng to the sea surface temperatures falls lnto
‘these wavelengths. In this region, the 1rrad1at10n on the sea sur-
face from the sun becomes neglrgible. Also, it is one of the fow
"windows" that is relatively transparent to the radlatlon. These
I.R. Sensory Systems are available commercially and have been used
| by many researchers to remotely measure surface temperatures. The
need of correction for non-blackness and atmospherxc absorption ef-
fects have been considered. A few approaches for thele corrections
have been studied. The presently available equipment has been in-
~yestigated and the alternates of using ‘aircraft and/or gpacecraft
has been lnvestigated carefully. ‘It is felt that, initially, air-
craft may be used to dbtaln moxe detailed and accurate ‘results.



- ~66-

The satellites can provide large scale effects and eventual
eutqmatic surveillance, and the results from satellites can
‘be tied in with the integrated results of the more detailed
etudy. This means that the two surbeys can be directly com- -
_pered by convoluting the airplane results with those of the
satellites, However, it should be noted that while the com-
plementary use of these two systems {the spacecraft and the
aircraft) are considered to be appropriate in the development
'stage of the proposed study, the ultimate goal is to evolve 7
a syatem whlch utilizes spacecraft as the main lnstrument of
‘remote data gathering. A NASA sponsored feasibility study using
satelllte I.R. data to determine sea surface temperature was
' conducted by Allied Research Association, Inc, in 1966. Since
'then, the resclutlon of I.R. Scanner in various satellite pro-
;grams has been 1mproved greatly. The proposed ERTS-B will be
'prov1ded with a 10 to 12.6 micron thermal band with relatlvely
good ground resolution. Before the ERTS-B data becomes avail-
able.lt‘;s possible to obtain such data with 0,3 -mile resolution
from the Air Force Data Acquisition and Processing Program (DAPF)
' satellites. It is believed that the use of a satellite for de-
tecting sea surface temperatures with high accuracy should be-
come practical in the near future, ' '
In the remote sensing of turbidity, the Ranan Pulsed lear
effect has been considered and the University of Miami Optics
Laboratory is capable of developing such a‘Turbidity Laser Sys-
tem. A controlled study will be needed in the early stage of
' development, but this system should be capable of going into
fleld.appllcatlon in a relatlvely short period., For the remote
sensing of vertical water tempefature profilefand salinity, laser
‘beams have'been considered. However, this concept may need some"
- extensive research before it can be put to practical use.
For in-situ measurements, a thorough inVestigaticn of pre~
sently avallable field instruments has been carried out. Various
data“ acqulsltlon schemes have been considered Special a
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considefation has been given to the interface between in-situ
measurements and remote sensing and the manner in which this
information can be incorporated to provide input for the model.

It has been concluded that with the presently commercially avail-
able ocean instruments and logic system, such a Ground Truth

and In=Situ Measuring System ié not only feasible, but is practical.
| Many sites of nuclear power plant units have been investigated
for the utilization of the proposed model, The two FP&L, Power
Plant facilities at Turkey Point and on Hutchinson Island are most
appealing to the project since they both are located in Florida, .
close to the University of Miami, as well as the Kennedy Space
Center. Another interesting feature is their topographical~con-
trast. The Turkey Point facility is located at a shallow lagoon
‘type estuary, while the Hutchinson plant discharges onto the off-
shore continental shelf. These two sites should provide -a good
test for the universal nature of the proposed three~dimensional
model, ' '
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APPENDIX A

GENERAL LISTING OF GROUND TRUTH INSTRUMENTS
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APPEND A

GEN' I, LISTING OF GROUND TRUTH-INSTRUMENT

This llst of 1nstruments is the result of a QGDEXdl study
lof commercially ‘available instruments for the measure of para-
meters related to the ground truth requirements. The list is
not meant to be a complete listing of all such instruments, but
instead,‘an extensive enough list to show the large number and
~various types’ of commercially avallable instruments. The im-
portant aspects of each instrument are mentioned, 1nclud1ng the
approxlmate price, when glven by the manufacturer.

The instruments are grouped by manufacturer (see Sectlon IV
for llstlng by type), in the followxng order: '

- Section No. . 'Manufacturer
R . 'Aanduraa

2 ‘ Beckman-Beckman Instruments, Inc.
3 Bissett-Berman ‘ .
4 - Endeco-Environmental Devices Corp.
5 Fisher-Porter |

6 1.B. R.—Internatlonal Business &

_ Research Inc.

7 L o ahlslco~Kahl Sclentlflc Instrument

| . ~ Corp.
8 ‘Martek '
9 - ' Plessy

10 o - Prodelin
1) Aanduraa Meter (Model 4) .

parameters = current speed and d1rect10n_
water temperature

- conductivity

- depth (of instrument)

‘installation - surface buoy
' o - sub-surface buoy

recording = - magnetic tape (converted to ‘computer
' tape) :
accuracy' - current-spped; 1 5 to 250cm/aec.

‘direction; 0=360°# 5°
temperature—range - choice i)-246-21. 40°C
11)10.08=36.00°C
iii)=-0.34-32.17°
: (all +# .01°C)
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- conductivity - 0-60 milliohm
~ pressure-range choice 1) 0-200 psi
= : ii)0~500 psi
iii)0-1000 sl
- iv)0~5000 si
(all accurazte to
better than x 1%
- of range)

price - $4000.
2._ﬂ Beckman )

"a) Beckman-Enviroline Model EV3 Enviroeyeé Electronic
Secchi Disc ‘

parameter - amount of suniight.aﬁla depth
installation - hand held '

data recording - read off ammetéf
: ~ depth read by marks on cable

accuracy -~ range,% transmission - 1 to 100
- gensitivity, % transmission - 2
- accuracy, % transmission - 5

price . - $140.
b)) Beckman-Enviroline Modei EV4 Envirotrans Underwater
' Turbidimeter ' :
parameter - - measures water transparency

installation - hand held

data recording - read off ammeter
: - depth read by.marks on cable

accuracy - - range, % transmission - 1-100
. - - gensitivity - % transmission - 2
- accuracy - % transmission -5

- price _ -~ $180.

c) Beckﬁhn4Enviroline Model EV5 Envircbridge,Salinity-
Temperature Bridge ' '

parameteré - temperature
- salinity
installation - hand held )
data recording - manually operated bridge
. : - ammeter nulling -
‘ accdracy -_temperature - rangej- 5 to 35°C
' o = accuracy - 2°C - :
~ galinity - range -.1 to 40 ppt
- accuracy - 2ppt S
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d) Beckman - Enviroline Model EV6 Envirometer
' Conductivity - Temperature Meter

parameters - temperature
' ' ~. conductivity

installation - hand held
date recordihq - read off chmmeter

accuracy - temperature - range;- 10 to 40°C

- ~ accuracy: 2°C

conduct1v1ty-- ra e, 50 to 2000
accuracy- 50MACTOMOS ;o

$190

micromhs/cm

prlce

3.  Bissett - Berman Model 660T Thermosallnograph

parameters . = temperature

' ' - salinity ' . ‘
- transect data, i.e. surface temperature
: and sallnlty :

" installation - permanent on board a boat
: ‘ - utilizes flow-thru system, monitoring
water sallnlty/temperature on the
surface

" data recording = - recorded on Shlp
o : ' : - pen on strip chart *
-,tlme & locations monitored by operator.

.accuracy - temperature - range choxce-ii; g zg:g
i
1ij) 12-22°C
iv) 19-29°C
v) 26-36°C
(these are all settings
- with accuracy of +0.1°C)
- salinlty - range choice:
i) 20,0-30.0 ppt
ii) 28.0-38.0 ppt
iii) 28.0-30.0 ppt
iv) 29.5-31.5 ppt
v) 31,0-33.0 ppt
vi) 32.5-34.5 ppt
vii) 34.0-36.0 ppt
viii) 35,5-37.5 ppt
(these are all settings, the
accuracy for settings i & ii
is +0.15 ppt, for iii) to
viii); #0. 03 ppt)

prlce ' - approxlmately $8000.

4., Endeco - Environmental Devmcee Corp. _
a. Endlco - Type 110 Remote Readlng Current Meter

-‘parameters,‘ - current speed and dlrectlon
- - depth . :
o= temperature
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instaliation - buoy - surface or sub~surface
- shipboard : :

‘data recording - data is telemetered via cable to the

remote meter

accuracy - current -. speed - 0-5 knots :

accuracy - + 3% of full scale

. threshold - + 1.9M/sec

- direction - 0.360° ,
accuracy - * 2% full scale .

- depth - range-0-100 feet
accuracy - +. 2% full scale

- temperature - range - 0-40°C

_accuracy - # 0.5°C

price ~ $3000. _
Endeco f.Type 137 Temperature Data Buoy System

ﬁaramater -~ temperature - at the buoy (can be expanded
' to several at a buoy) ‘

installation - system of six buoys and either a data _
' receiving buoy or data receiving station

- data recdrding -~ déta'is transmittéd periodically from each

buoy. to the central receiving station,
information is decoded and recorded on
a digital printer, or may be fed to a
teletype terminal o

accuracy ~ temperature; O to 40°C % 0.2°C

price '~ receiving station w/digital printer-$6000 each
- buoy-single thermistor - $3000-each '
—-three thermistor ~ $4500 each

Endeco Type 138 Remote Reading/recording Current &
Temperature Recorder : . ' L

.parémeteré -~ current speed .
' ~ temperature o .
 installation. - fixed on bottom or other object

data recording -~ data recorded in the meter on stfip chart

current speed - 0 to + 4 knots
accuracy -~ + 3% of full scale
temperature - renge - 0 to 40°C '
I accuracy * 0.25°C
price . - single axis - bidirectional output, e
‘ ‘ includes tower = $6000.
- extra speed sensor - $1500.

. Endeco - Type 146 EnvirOnmehtal Monitoring SYStem
" parameters ~ possible system.paramters:'uhderwater:

- current speed and: direction
‘water temperature :
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wave height and period

tide height

- galinity .

dissolved Oxygen

PH

turbidity

- meteorological; w1nd speed and direction

air temperature

relative humidity

barometric pressure

incident solar radiation

net solar radiation

rainfall
(This is a very versatile system, with
accurac1es, installation, and data pro-
cessing subject to design criteria, Close
cooperation with the manufacturer will pro- -
vide the most satisfactoxy results )

price - $40,000.
5. . Fischer-Porter ~ ADR -~ Electronic Timer - Tide Guage
' ' parameter - water level vs. time
installation. -.fixed - rigid piling, etc.

data recovery - recoxds data, recover after 2 weeks

- need data reader
- convert to graphs, or computer tape

' accﬁracy - - water level - reads to 0.01 ft

- accuracy to 0.1 ft .

price - ADR - $1500
display recorder - $1000
recorder-computer tape translator $8000

6. I.B.R. - International Business & Research Inc.
(NOTE' These I.B.R. instruments are alr—deployed 1nstruments,

' which are dropped from aircraft, transmitting the de—
srred lnformatlon to recorders on the plane.)

I.B. R. - Alrnbeployed Expandable Bathythermograph Model
AXBT=-2500U

parameters = -~ cemperature_vs depth (vertical_proflle)

installation ~ ajir~deployed by aircraft

‘data recording -~ data telemetered by UHF radio to re-

corder on board the aircraft

accuracy - temparature; 28°F to 95°F, accuracy: i;l.o%
. depth: to 2500 meters o,
descent rate (in water); 6.25 /sec + 2%

price ' - $150 each per 100
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" b.  I.B.R. ~ Expendable Shallow-Water Surface Current
: : Probe-Model XSSC -

parameters - average surface current
average surface wind

installation - air-deployed from aircraft

data recording - the data obtained is essentially in
 the form of photographs of dye
_patterns, as dye is emitted from
the floating section of the unit.
Analysis of the series of photo-
graphs is necessary in order to
gain knowledge about the currents
w and winds. _ 7
accuracy - ~ general accuracy is stated as + 2%
price ~ $20 each per 100
¢. I.B.R. - Expendable Depth/Mass ,
3 Transport/and Surface Current
Probe - Model XDTC,
parameters - depth o
mass transport
surface current
subgurface current

installation - air-deployed from aircraft

data recovery - The data received by the use of this
: system is in the form of photographs
of various dye patterns at various.
depths and times. Analysis of the
dye patterns knowing the times of.
deployment result in the knowledge
of the parameters mentioned.

price ~ $100 each per 100

7. -Kahlsico - Kahl Scientific Instrument Corp.

a. Kahlsico Deep Sea Reversing Thermometer - #295WA100
(protected) and #295WA200 (unprotected) R
parameter - temperature (at one depth)
installation . - shipboard S |
'data recording — thermometers are lowered by cable, de-
: - ployed by messenger, and data is ob-
tained by reading mercury levels in
, , the.thermometers.',- .
accuracy - six'range‘¢hoicés: i)=-2~30°C in 0.1°C
- ' ' oo ' © ii)=2-20°C in 0.1°C.
1ii)=2-15°C in 0.05°C
iv)~-2-35°C in 0.1°C
- v)=2-8°C in 0.05°C
‘vi}=2-5°C in 0.05°C
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accuracy: + 0.01°C or + 0,001°C, de-
pending on scale range

Kahlsico #202WAl25 Bathythermograph

parameter -
installation =
data recorxding -

accuracy: temper

depth: ranges:

temperature vs depth - profile

shipboard deploying

the BT is launched off the ship or’
rowed. The graph of temperature
vs depth is scribed on a slide and
the information logged upon reading of
the slide after recovery of the BT.

atures: ranges: i)~2 to 30°C | '

ii)+2 to 90°F
accuracy: + 0.1°C

iii) 135m + 1l.5m

Kahlsico - Current Meter Model. #232WA060 )
Gemware Mechanical Contact current Meter

parameter -
installation -

~ data recording -

accuracy - speed

current speed
suspended f£rom ship

current speed recorded by earphonés,
digital printer or strip charts

direction: dependent on operator = not

necessarily accurate

'Kahlgico - Cup-type Current Meter - Gemware Model

#232WA080 -

parameter -

installation  —

data recording -
accuracy S

price : -
Kahlsico - Hydro

e e

(

current speed
suspended from ship

earphones, digital recordexr _
current speed: 0.1 to 11 ft/hec + 1%
current direction: dependent on operator,

not necessarily accurate ' ‘ -

rqlafivély inexpensive
lab Comprehensive System
conductivity

depth

dissolved oxygen -
oxidation—reductionipotential

specific ion activity

temperature o o
This is a system which must be designed
according to the needs and requirements of
the purchaser. Data configurations, ac-
curacies and data recording are dependent
on the system design.} : ' o
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d.

Martek~Model HMS In-31tu pB Monitor
parameter - pH

installation - hand held, portable_

data recording - direct readout of meter

accuracy -+ 0. lpH

price * - $750.

‘Martek - Model XMS In-situ Transmissometer

parameter o - measures turbldlty & partlcle quantlty
: by measuring the optical properties of

the water
installation - hand held, portable
"data recordlng ~ direct readout of meter
accuracy -+ 1.0% '
price - $3000.

Martek - Model DOA In-situ Dlssolved Oxygen Monitor
parameter - = dissolved oxygen level
installation ~ hand held, portable

‘data recordlng - dlrect readout of meter

accuracy - ranges: i) 0-20ppm
‘ : ii) O0=1lOppm
iii) O0-2ppm '
(a1l accuraczes -+ l% of full scale

price - $750. o
Martek - Mark II Water Quality Analyzar

parameter - temperature -

' L depth
conductivity
digsolved oxygen

" pH level

installation = hand-held, portable

data recording - direct readout from meter, only one

transducer belng in operation at any
one time

accuracy . = temperature - + 0.5°C

.depth - %+ 1.5 meters or feet
~ 'dissolved oxygen - ¥ 0.l ppm
‘pPH level - + 0. 05 pH

price _' - $2800 plus$l.00 per foot of cable
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Martek - Mark III'Water Qqality Analyzér

parameters | - temperature
o ‘ depth o
conductivity
dissolved oxyden
pH level

portable, yet may be adapted for more
permanent type 1nstallat10n

data recording ~ readout on meters, may be modified for
in-situ recording or data telemetry,
-possible simultaneous monitoring of
all variables .

accuracy - temperature - #,.5°C
" depth - 1.5 meters or feet
dissolved oxygen - 4 0.1 ppm
pH level - 0.05 pH

price - = $4950 plus $1 00 per foot of cable,

: ($4250 without pH monitor}
Martek - Model EDR Envlronmental Data Recorder
parameters - records data from many sources

" installation . - wither fixed or portable
~data recording - accepts DC voltages, from up to ten

individual data sources
-~ displays in original measured unlts
- display is printed on tape
- - will scan at var;able time ;ntervals
: (1-60 minutes) .

accuracy o - 0.1%

price ‘ - $2800,

Martek - Advance Product Bulletin

1. Serles DAS Data Acquisition and Telemetry System .

-~ data logging, reading, telemetyy system
~ gpecifies as to operation not stated in -
bulletin
= geems to be a complete data acquiaition
~system with data available in several
forms

2. Model DAL Data Logger

- = logs, records and displays data
- records on magnetic tape - varlous
. timing options
-reads and . translates data through reader

price - - $2500,
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Plessey Instruments

Plessey Submer91ble Water Quallty System - MM4

parameters -~ temperature .

' ‘ pli
- depth
suspended - solids -
dissolved oxygen
~ conductivity

i

- irnistallation . - bucy type - self contained

operational temperature - D—30°C
operational depth - 33m maximum

_recorded on magnetic tape

may be translated from magnetic tape
- to computer tape by use of Model M092
Tape Translator

may be left unattended for up to three
weeks ' ‘ ‘

data recording

accuracy - time - cumulative - £ 5 mln/month
- temperature - O- 30°C + 0. 3°C
depth -+ 2% FSD
- pH - 3 0.2 pH i
 solids - 4 1m4/1 at 0™9/1,4 10"9/1 at
~ 100M9/1
dissolved oxygen = i 5% within 20° temp. range
-~ conductivity - detalled options

price © = 4000 to 56230 i (Engllsh Pounds)
Tape Translator ‘Model M091/l

: - for use with Water Qualxty System #MM4
Plessey Recording Current Meter Model M0O21 ‘

parameter - curxent
- bulletin states that ”other sensors
may be added"

| insteliation - self contained buoy

data recording - recorded .on magnetlc Lape
: - axtended service to BO days
- telemetry possible up to 500m by use of
hydrophone
extended service to 60 days when record-
1ng 4 parameters _

accuracy - current - 3 20 /sec, or ZA Whldhever is greater
price . - 1500 E ‘ ‘
Plessey Tuned Hydrophone Receiver, Model M024/2

- for use as telemetry receiver with the
Recordlng Current Meter Model MO2)
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Plesaey Direct Reading Current Meter - Model M027/2M
parameter - current _ |
installation - hand held, portable

‘data recording - v1a cable to shipbcoard meter’

v appearq that an operator is needed

‘accuracy - 4+ 307 ™ /sec. or 3%, whichever is qreater

price ~ less than 1000 {(english pounds)
Plessey Temperature Sensor - Model 4005
parameter . = temperature

installatice ~ buoy - fixed

data recordlng - signal is to a recorder

- may be lonhg dlstance by fm signal
accuracy - temperature - 1 O. 02°C '
Plessey - Pressure Sensor - Models 4006 4026

" parameter - pressure'

1nstallatlon -~ bucy - fixed

data recording - signal is to a recorder -
~ may be long distance by fm signal

'accuracy - pressure - 3 0.25% full scale = on 4006

+ 0. 03% full scale-— on 4026

-Plessey - Sound Veloclty Sensor - Model 4031

parameter - - sound veloc1ty

‘installation - buoy - fixed

data recording - signal is to a recorder
- -may be long distance by fm signal

accuracy = sound veloczty - +.0.3 /sec (RSS)

-Plegsey - COnduct1v1ty Sensor — Model 6015

parameter - = water conduct1v1ty
installation = buoy = fixed

data recording = 51gnal is to a recorder ,
' : .- may be long distance by fm 51gna1

accuracy = ccnduct1v1ty - 4+ 0.03 o /cm (RSS)
: Plessey - Thermosallnograph - Mcdel 6600T
parameters - temperature
‘ - salinity

= horizontal transect

 installation - permanent on board boat

-« utilizes flow~thru system
- monitoring water salinity and temper-
ature on the surface
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data recording - recorded on Shlp
~ pen. on strip chart
- time & 1ocat10ns monitored by operator

accuracy - temperature‘- range ch01ce: i) =2-8°C

parameters

_installation

data recording

accuracy - temperature —range choxce: i)

~ii)

5=15°C

111) 13=22°C
iv) 19-29°C .

v) 26-36°C
(These are all settings

with accuracy of i 0.1°C)
'20.0-30,0ppt

- sallnlty—range c¢hoice:li) .

]

™

l'.

ii)
131i)
iv)
s
vi)
vii)
viii)

28,0-38.0ppt
28.0-30.0ppt
29.5-~31, 5ppt
31,0-33.0ppt
32.5-34.5ppt
34.0-36.0ppt
35,5-37.5ppt
(These are all settings,-
~ accuracy for settings 1i)& 11)
‘is + 0.15 ppt,

viii) 1 0. 03 ppt)

Plessey ~ Telemetering STD -~ Model 9040

'temperature vs depth
“salinty vs depth

vertical profiling

versatile system-

‘shipboard - winch, adaptablé to bLOY |

data recorded on magnetic tape, blnary
form, DC. analog, fm-analog. :

ii)
iiiy
iv)

—2—3°C
2=-7°C
6=11°C .

10-15°C

- v) 14-19°cC

vi)
- wvii)
viii})
ix)

18-23°C
22-27°C
26=31°C
30-35°C

x) 34-39°C
x1)~10-40°C

accuracy:
for #xi)
allnlty—range ch01ce: i)
‘ : id)

iii)

iv)

V)

vi)

vii)

+ 0.02ppt on i)

4+ 0,02°C for i)

acocuracy;
. on. #v11

depth - E: Q. 25% full scale

to x), + 0.15°C
30-32 ppt
31.5-33.5ppt
33.0-35,0ppt
34.5-36.5ppt
36~38ppt
30«40 ppt
to vi},

for iii) to

+ 0.06ppt
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Prodelln Data quul%itxon bystom

5ensors ~ water, current and direction
~ wind direction '
- conductivity
~ ¢hlorinity.
- dissolved oxygen
- rainfall '
- water turbldlty
- wave height

nstallation - buoy system

data recording - system comsists of master statlon with
: : telemetered buoys '
- master station, 1nterrogates ‘buoys -
‘data is printed out at the master statlon

accuracy - - dependent on transducer

price ' - determined by the extent of the qufem
‘ . _depending on the number of buoys,
‘transducers, etc. '
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Ivar Aanderaa = General Catalogue, Norway, March, l972.

Beckman Instruments, Cedar Grove, Esscx County, New

‘Jersaev.

- Envireoline Bulletin -~ I'cbruary, 1973
- Catalogue 33R - March ‘1, 1973

.= Water Purity Ing trumenLq, March 1, 19;3

- Process Recorders Cataloguc

Bissett-Berman-~6600T Therwosnllnograph "Users Handbook“,
‘San Diego, Calif. .

Climet Instruments - Cl-9C PS 1/72 ‘Sunnyvale, Calif.

Instrument Division~Environmental Devices Corp., Sunmary
- Catalogues ", Mar;on Mass., May 1973, _

' International Business & Research Inc., cOral Gables, Fla.,

October, 1973,

KahlSiCO'International cdrp., El Cajon, Célif

aMartek Instruments Inc., Newnort Beach Callf., Qctober 1,

1973,

10.
' .’He;ghtstown, New Jersey.

 :Plessey Radar - "Plessey in the Env;ronment" RSL 1335, Issue-
1, Surrey, England July, 1973. ‘ _

Prodelln,_lnc. - 'MB/200 Data Acqu;sxtmon System Bull.,
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Apfendix B.

Supplemehtary Information on Siﬁe Studies
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'A. GEOGRAPHICAL REGION: FLORIDA

1. The Turkey Point Power Plant Facility of Florida Power
and Light Comgany ‘ * .

The Turkey Point ‘site is located oﬁ the western shore of
Blscayne Bay approx1mately 25 miles south of Miami., Figure 1
is a map of the local area. The Turkey Point power plant is-
| composed of four 1ndependent electric generatlng units as

follows:
. | Gross - Cooling
Unit Fuel Start-up capa _Mwe |Water cfs
1 oil Spring 1967 432 . 635
2 oil  Spring 1968 432 635
3 Nuclear Summer 1972 728 - 1490
4 Nuclear Late 1972 728 4250
Combined : ' 2320 - 4250

The'COOILng water for units 1 and 2 has been taken from Bls—
cayne Bay through an inlet canal, and was orlglnally dlscharged
back into ‘Biscayne Bay prlnCLpally through Grand Canal, about one
mile south of the plant as shown in Flgure 2. Wwith the later
. completion of the 1arge canal running south to Card sound, the
discharge water was then Spllt in two dlrectlons, part through
. Grand Canal ‘and part through the large canal as shown .in Flgure 3.
when units 3 and 4 were brought into operatlon in later years, the
cooling water for all 4 units were to flow once-through with the
cischarge split 1nto the two canals. Due u: the 1ncreased concern

‘over ‘the thermal effects from these power plants, the FP&L Compnay
later adapted a compllcated canal system aimed at. the rec;rculatlon-
of the cooling water. The construction of the coollng system be-
gan in November 1971 and was scheduled for completion by Novenbex
- 1975. - This rec1rculat1ng coollng reservomr 13 shown in Figure 4.
A thermal study of lower Biscayne Bay was conducted by the
Federal Water Pollutlon Control Admlnlstratlon from Aprll to
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August 1968 to investigate the effect of units 1 and 2 on the
'tempe:ature regime of the Bay. In that study, continuous tem=
peratiure recording instruments were used to obtain a record of
watér;temperaiure at selected locations in the bay. The in-
,strumént.uSed cohsisted of'a spring wound, clock driven,-is day
chart with a bimetallic sensing element. enclosed in a water-
-proof stainless steel case, The thermographs were suspended
app:oxihately 14 inches under the water surface below a 12"xl2“xl7“
~ block of styrofoam which was anchored'by means of stainless sLe;l
cable to a 5/8" steel rod driven into the bottom of the bay.
Suff1c13nt data for analy51s was obtalned from ten statlons as
shown 'in Figure 5., Station H13A had two monitors; one at a depth
of 14 inches and Qne approx;mately one foot from the bottom. In
that investigation, intensive studies of water teﬁperature in the
area around Turkey Point were also conducted. Transects extending
approxlmatﬁly perpendlcular to the shoreline were established be-
tween ‘Murtle Point and Homestead Bayfront Park vVertical pro-
files of temperature were taken at 100 yard Lntervals along the
-pransects.‘ One of the results of the transect studles_ls_shown in
Figu:e‘1- . ' ' |

 On February 15, 1972, Florida Power ana Light Company opened
the Card Sound Cooling Canal. A weir was constructed in the canal
to Biscayne Bay (Grahd'Canal).to.adjﬁst the mean flow rates to ap-
proximately lBOO_cfs to Card Sound and 1200 cfs to Biscayne Bay.’
However, due to a 40-minute ‘tidal phase lag, the discharge to Card -
+ Sound varies from a peak of 2450 cfs at the time of hlgh tide at
Turkey Point to a minimum of 1970 cfs at low tide. The ‘discharge
LemperaLuxe at the two locatlons varies from 1 to 3°%¢ above amblent.,
ThlJ mode of dlscharge was to be continued unt11 nuclear unlts
three and four were put on llne. Mapplng of surface temperature
and qallnlty was conducted by a team from the Rosenst;el School
of Marine and Atmospheric Science, UnlverSLty of Mlaml, just prlor
ro thc xnltlal dlscharge into Card Sound, three days later and
then one week after the canal was opened. Since then detalled
mapping of the discharge plume has been conducted on a seml-monthly



‘bagis. The results shbw that:the plume is cléarly diStinguish—
- able both in temperature and salinity due to plant heating and
the ambient temperature and salinity contrasts. which develop
between south Biscayne Bay and Caxrd Sound. The low mean dis-
‘charge of 1800 cfs to Card Sound produces a relatively small
thermal plume with approx1mately 600 acres above 1°c. However,
the observation suggests that even at these small dlscharge rates
there 1s a tendency for the area east of “the cooling canal to
stratlfy, as’can be seen in Figures I-15, and II- -10.



"
- . . e e I
\ 4
A .
.
;
ce gt : Lo
] I' . d
e : ‘ "
it :
| .
A g .
i " .,
: i,
{ . .
1 ) ;
o hh PR
k ’ - L] A "
i
;. )
" i
o i
.
: ; : ! e ‘
. FRBRGIA CITY B9 ATION : :
: (IEADLMBLY ATKA} L)
. R Y -
-t I ‘
: i 2
) / . -
i
Ny " o
\ b ¢
G ‘ -
N L ; B
- b
- . A .
N i ; .
. h kK
4
.

RN Lo o

- Figure l.



-88~

Ait Foice
S0s Survival Sehedd

com.mahan faliizer's Hause
“Rapurch” Cantes '
Ait f.rn' Jump Tewsr

=L.5). Masine I.da
. h;.nmuul Pands

il ’)/

By TEEITR FIRTRL BN

2ian b bud dan

Natuta Tid ot Croa )

Lau LIl

£ant Oranch

.Gl Cant

o : 'E“igizra 2‘,' ‘Once=-Thi ough Cooling Flow
' for Units I_L & 2.



. - - -89

! . B i A,
‘ o by g
! R i # I
p w o nom;u X o - R ( .
L. LIRS Do o e ey e, " 1 . ‘ .
: BT Mgt S — .
: R ) SN e 8 ki : tnteag
. e - : . Lt \“/ Vini % : .
i \ T N i AN ;_1 .
o . ) | v oA o
£ 1 V o \_ paRL Tad g A0
H & ! } M ’ ) : /] .. : /. [T
P N - i . ™ ﬁb e .
: - o Qe + s
; N : LE Y POuLT
)

- el e ime [+

¢RI

- B
e T — S D NP OSCRGI G

=~
-
7

nesn

o
.-‘-:.-"’_f___-__e‘

| s
341000 I . W .

-2
\,

§

§

a £

‘ /I MCOEL LAND CANA
7 .‘-‘-E:#M]I """"-"‘"‘"-“_-'\-.-r--

I T ‘ i 4 N Seqew
W N -, 1
| h "o | '_ Uy e

5-:39” _‘ - n
;;('r II’ISng..QgA:N LGE’ a:'rcu '5"

M:J‘d‘ - ‘B

[ : o ; ' B
indriceo TR P/ - .

FRN w2 pe

T e T g

i T SRRt

—

Pigure 3. 'On*c-T;:o 2-3-1 Cooﬁznc Flow
S o _gc;ngg;t_fcgﬂqll 4 Units.




. el : o
\] .
b 'i [ b N
on " - Y
W ~ * A
- N0 0T, '3}4 - . b
HENPP IR RESE SR 3 SHLWETTE L ) it e T R TR e Ry
" : ‘)
bl Ly \
1 3‘ » i l
H o

wANALS. 4

EE.{-'

. ]
Pestan S
l al
' fCACH TAn . sman
i ‘
l 0}
| ;.
! !
; \. *..
i i,
1-}‘“6-.‘-3 .-:‘:

—

. -

.  aa Cmta B
- i o (Nt o e e o i Sr—— £ P

===

[ e

bawd Iaesnnd,_ pAs

o ent— o TYHAE L, r'O,

MR TIITIA I
T TV

.‘ ~ S1EHON ;
. ' o
e S .
f e 11N ey
.
H o
\ <
\ o
[

h

MP———,
M-Ji.n Min?
7 R J '
. . -’ '

Sﬁ&%“zh

4

Figute

cOnpleted} Closed-Lagp, Racirculatiﬁg
Qooling Ra ervoir"for all 4 Uni.s.



~91- S

n} . LOWER BISCAYNZ BAY N
& MONITORING STAT:O.\ LOCATIONS -

PSP, L,

N L E e e

-u
.
e

R T 2L L P

T AR A

-

S LT T S s e ey

re
[F
»
£

8
.
O
ZA
-1
v
>
0
.Y

<l SEL A

!;?;.4“-.’71.1

Q‘A"' pe:ucm\ BANK

S o R

.-.\ )

: f}’ TURKEY POINT & S -
. ¢ o i . P -

-

'Cb' -@-H-m

F e TR T L L

-i3A
TUFZTL.E
KEY

;,i S . ELLIOTT
H=13 | S S

é_{%m J

AT

- .ll-/‘af.‘a.;'!:-:'.':.",l-'.;.—vrﬂ [ U SE R 17 P L

| WEST ARSENICKER
; TA <> y | .
/ﬁj’};’? SCALE _‘YARDS) SOUTNEAST WATER LABIRATORY:
: T ‘ LS4, ;‘ :
, IOOG n] 1000 . ATHERS , CEORGIA x
: . Q - . NOVELNER, 988 &

Figure 5.



Figure 6.

CA

1

FLOR

S AN

P
ama ity

L

[,

RN

-
H

3
3
&
>
i
I
@
5
-

-y

FErhe
ia

W

MR

ARLIN

mew i Mo




R s

- ia €04 - 605

oy -
-
-
ey
- i a, .
.

foit =anl CET S X

.;‘, oLl o .

e d e S e -

KIL QL TERS Gl

SDEETHL.m
N

™
<,

C_ '

e
3
™
-
o
-~
“

:
X \
s R A

~£6=




DEPTH, m

 DEPTH,m -
N |

Ki LOMETERS

606

«

’K&DMETERS

3

FIGURE 8. Temperature (°C) and salinity (ppt) sections across Card ‘Sound 2/18/72.

[

—rs—



95—

REFERENCES

"Report on Thermal Pollution of Interstate Waterz of
Biscayne Bay, Florida“, U.S. Dept. of the Interior

" Federal Water Pollution Coritrol Administration., Feb.

2.

1972.

"memperature Predictions at Mouth of Planned Discharge

‘canal in Card Sound, Turkey Point Facility", Dept. of

Coastal and Oceanographic Engineering, University of

 Florida, Nov. 1970.

"addendum to Turkey Point Water Temperature Study: Pre-
diction of Water Temperature Resulting from Plant Dis-
charge, August, 1968, Meteorological Conditions", Dept.
of Coastal and Oceanographic BEngineering, University of

. Florida, March 1970.

"Racirculation and Temperature Field Consideration: Turkey
Point Facility", Dept. of Coastal and Oceanographic Engineer-

'ing, University of Florida, April, 1969.

"an Ecological Study of South Biscayne Bay and Card Sound,

‘Florida". Rosenstiel School of Marine and Atmospheric

Science, University of Miami, June 1972,

"rhe Engineering Design of the Turkey Point Cooling Reservoir",

' Florida Power & Light Company, Environmental Engineering Tech-
nical Report No. 72-8, June 1972. ' - :

"Temperature Studies Lower Biscayne Bay, Florida", L.B. Tebo,

Jr., et al., U.S. Dept. of the Interior Federal Water Pollution

"Control Administration, Oct. 1968,



-G

2. The Hutchinson Island Nuclear Power Plant of the
Florida Power and Light COmEanx
The Hutchlnson Island Nuclear Power Plant 51te consists of

‘approxlmately 1,132 acres on Hutchinson Island in St. Luc1e
County about halfway between Fort Pierce and Stuart on the east
coast of Florida. The site is generally flat, covered with water
and has a dense vegetation characteristic of Florida coastal
mangrove swamps. Two identical'units will provide B850 MWe each
at full load. The pressurized water reactors will be supplied
by Combustlon Engineering Incorporated, The first unit is pre-
@sently scheduled to enter service by September 1975. The second
will follow suit by September 1979.

The circulating water system consists of intake and dis-
charge pipes in the ocean with canals to the plant. Pumps at
the intake structure provide 1180 cfs of flow. The maximum de-
_31gn temperature rise of the condenser cooling water, at 850 Mwe,
‘will be approximately 24°F. However, the temperature rise for
‘normal full load coperation (745 MWe) will be 21°F. The temper—
ature rise averaged over a day will be less than 21°F because of
the daily cyclic loading of the plant. The condenser cooling
water will be withdrawn from the Atlantic Ocean through two
10.5 ft. I.D. pipelines orlqlnaLlng 1200 ft. offshore in about
18 feet of water. Because each intake pipe requires a vertical
section to prevent qandanq, and a velocity cap to minimize fish
entrapment, there will be about 8 ft. of water over the top of
each velocity cap. These caps will insure a horizontal VEloc1ty
field in the vicinity of the pipes' inlets and limit the approach

" to about 2 fps. ' '

The intake plpes will be located approx1mately 2300 ft. south ‘
of the discharge pipe. They will be buried from the intake points
for a distance of about 1600 ft. beneath the ocean bottom and un-
der the beach, terminating in a canal on the west side of the sand
dunes. After paHSLng through ‘the intake plpes ‘at about 6 fps, the
circulating water will be conveyed in a canal about 200 ft. to

state Road AlA and will pass under thls road through culverts.
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- After passing under the road, the water will be conveyed in a
.canal at about 2 fps for approxxmately 4000 ft. to the plant
intake structure.

_ From the turbine building, the dlscharged condenser cool-
ing‘water will be transported approximately 500 ft. in a buried
pipeline.and then about 600 ft. in a canal to State Highway AlA.
The water will be carried under AlA in culverts. Once‘past AlA,
the cooling water will travel about 1200 ft. in a-canal to an
outfall structure, located on the western side of the sand dune
line. From the canal outfall structure, the cooling water dis=-
charge will be carried in a 12 ft. diameter pipeline about l425~'
"ft. long, buried under the dunes, the beach and beneath the
ocean bottom. The pipeline will terminate at a depth of 18
ft. (MLW). At its termination, the 12 ft. diameter pipe will
B be modified with a short tran51tlon saction and a two port Y~
type.dlscharge will be added. Approximately 20 ft. of water will
be over the top of each port. Both ports in the Y will be 7.5
ft. in dlameter and the discharge velocity from each port will
' be about 13 ft. per sec (fps.). A short sloping trench will be
excavated from the inverts of the ports, dayllghtlng at the nat-
ural ocean bottom. The trench will be lined to prevent scour
- from the jet discharges. | |

 Florida Power & Light Company has sponsored some environ—:

mental studies offshore of Hutchinson Island. . A summary of
these studies is geven below. | '

‘a, During an 18 month period from early 1969 to the sprlng
of 1970 the Department of Coastal and Oceanographlc En=-
'gineering, of the University of Florida, Gainesville,
Flofida, conducted hydrographicrmeasurementé offshore
of Hutchinson Island. A short term dye release study
and current monitoring program was conducted bj the Uni~
versity. This study determined_that the 1ittarol'cur-
rent is variable and weak, gengraliy-resulting‘in a net
southerly drift curxent of about 0.2 fps. About 55 per-

~ cent of the time the current went to the south,’at'a

n
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velocity of up to 1.2 fps and typically 0.6 fps. or

less. During 25% of the time, the current flowed

northward at a velocity up to 6 fps and at an average
of 0.2 fps. Results of the short dye release pro=-
gram, conducted during this study, ylelded a lateral
dispersion coefficient of about l.l ft /sec.

A biological survey by James B. Laskey included phy;'
sical sampling and analysis of plankton and benthos

in both the Indian River and the ocean offshore

Hutchinson Island. Shrveys were conducted in February
and June of 1969 and April 1970. Results of the ocean
sampling indicated a scarerty of bottom biota in the.
ocean offshore Hutchinson Island. The nutrient levels
in the ocean were found to be low. No organig silt
interface was found on the ocean bottom and phosphate

-levels in the upper waters were low. Plankton was di-

verse in species but very sparce in number.

A 28wday dye release program was conducted in the ocean .

offshore of Hutchinson Island during July. and August
1970. The study was conducred by Dr. J. H. Carpenter

of the Chesapeake Bay Institute. Temperature and sal-
inity ifeasurements indicated that no well eefinedAthermo—
cline or heloelihe existed in the water off Hutchinson '
Island'durinq the sdrvey period. This confirmed the re-
sults of the prev10us ‘studies. '

On August 24, 1970, FPL initiated a long term tempera-
ture monitoring program in the ocean offshore Hutchinson
Island. Two Ryan recordlng thermographs were ingtalled
approxlmately 2000 feet offshore in a depth of 30 ft.,

The Thermographs ‘were placed ‘at the top and bottom of the

SR water column and were used to determlne maxlmum water

temperature, and the exlstence of a thermocllne. Date

.80 far obtalned cunflrms the lack of a thermoclxne.

FPL is sponeorlng a hydraullc model study of subaqueoul o
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buoyant jet dlscharges. The model study is being con-

ducted by the Coastal and Oceanographic Engineering
School of the Un;verSLty of Florida under the super-

visionh of Ebasco's Env1ronmental Enqlneers. The re-

sults of this study are 1ncluded in the plants'
v;ronmenfal report.

en-
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B. GEOGRAPHICAL REGION: ATLANTIC COAST
1. Brunswick Steam Electric Plant of Carolina Power and Light Company.

The Brunswick Plant is located near Southport, North Caro-
lina at the Cape Fear estuary. The geography of the plant site is
shown in the map attached below, The plant consists of two units,
each with 821 MWe capacity. The reactor is of boiling water type,
supplied by the General Electric Company. It is expected to be
operated by December of 1974. A brief descripﬁion of the plant's
circulatory water system is given:bélow.

The circulatory water is conveyed by a system of canals to
a pumping station located near the beach. The water is then pumped
to the outfall area through two 13 foot diameter pipes where it is
released as a high momentum jet: stream approximately 2000 feet off-
shore. A copy of the outfall topégraphy is attached.

The plant has been designed for a circulating water flow of
2750 cfs and a discharge velocity into the ocean of 10 fps. '

The temperature of the circulating water at.the outfall will
be about 18 degrees Farenheit above ambient water temperature as a
result of plant operation. Typical surface ambient temperatures
observed in the area of discharge are given below.

‘January - 11.0°C ~ { 51,8°F )
April 10.2°C ~{ 61.2°F )
June . 20.2°C ( 79.2°F )
August 2B.5%C ~ ( 83.3°F )
October 21.7°C ©( 71.1°F )

A field study on the discharge area was undertaken during
July 1969 by Dr. James H. Carpenter. The field program consisted of
(a) continuous discharge of a tracer material (30% rhadamine B
golution) at the proposed outfall and measurements of its dis-
“tribution, and (b} temperature and salinity measurements at stations
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along transects through the outfall area. The salinity measurements
showed that significant quantities of the waters discharged from

the Cape Fear estuary move westward along the shore cff Odk Island.
As a result, there was strong vertical density stratification in

the discharge area. Figure 1 shows the location of the observation
‘positions., The distribution of temperature and salinity of one
experiment is given in figure 2 to illustrate the horizontal and

vertical variations.
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2. Long Island Lighting Co.

The Shoreham Nuclear Power Station of the Long *sland
Lighting Co. is located near BrookhaVen, New York. ‘The Boil-
ing Water Reactors will be supplied by General Electric Co.

The plant will produce 819 MWe and will begin commercial op-
eration by June, 1973. |

The c1rculat1ng water system has been deSLQHEd to meet
the New York State criteria governing thermal discharges. A
multiport diffuser has been selected as the discharge system
to be employed. Mathematical and hydraulic modeling were under-
taken to aid in the design process. Dynamic and dispersion
characteristics of a three-dimensional and time dependent ther-
mal discharge flow in an open body of water was considered.’
Accurate hydraulic modeling proved to be imprégtical and solu-
tion of the mathematical model could not be rigorous. A limit-
ed mathematical analysis coupled with distorted hydraulic modeling
and field measurements were executed to estimate dlffuser per- |
formance.

Analysis of the resulting data was used to predict the ther-
mal field of the power plant dlsqharge. The temperature rise of
the discharge was asaumed to be 19 7°F at full load discharge of
1320 cfs. Details and general topography of the discharge reglon
may be found in the attached map. -
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3. Norgbeast’Ugilitigg

The Millstone site of the Northeast Utilities ﬁssociatidn
is located near Waterford, Connecticut. The site will even-
tually contain three nuclear generating units with a total out=
'put of 2630 MWe.

Unit 1, which began commercial operation in December 1970
is a BWR supplied by G.E., with an output of 652 MWe. Millstone
unit 2 will be a PWR, supplied by Westinghouse Electric Co.
Unit 3 will produce 1150 MWe and is expected to enter service
by October 1979. Maps showing the plant and its geographical
gituation may be found attached.

The cooling water system of Millstone units 1 through 3 are
discharged by separate structures into an old guarry lake which
drains into Two Trees Island'Channel in Long Island Sound. The
intake structures are cn the southwest side of the peninsula. Unit
1 uses 935 cfs with a maximum temperaturerrise of 23°F. Unit 2 uses
1560 cfs with a maximum 20°F temperature rise. Unit 3| uses 2000
cfs heated to 18 Op above ambient. The coﬁbined flow at the dis-~
charge channel will be approxlmately 4155 cfs with a ‘maximum full
"load temperature rise of 20°F.

btudles of the dlscharge for unit 1 have been conducted by
the contractors for the company sgince it commenced. operation,
These studies included dye dispersion studies of the'plant dis~

charge water.
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|/
4. rBéItimgge Gas#@nd Electric Co. _

The Calvert{éllffs Nuclear Power Plant is Locwted on the
shore of Chesapeake Bay near: . the town of Lusby, Maryland.

The plant will produce 845 MWe net in each of two identical
‘units, The Pressurized Water Reactors have been supplied by
Combustion Engineering Co. The first unit began commerical
operation in early 1973 the second is scheduled to do so
early in 1974. ' '

The cooling water system wlll circulate 6400 cfs of
-Chesapeake Bay water through the condensers and return it to
the Bay.IODF warmer thanh it entered. Thekintake'water'willkbe
d rawn from below a sharp thermocline which developes during the
summer montha. The temperature difference between the surxface
and underlylng water ranged from 3 to 15°F. :

A company supported study 1nd1cated that if the deep, cool
oxygen deficient, highly sallng water was to be used as a coolant
congideration éhouid be given in the design of the discharge
to prov1de for rapld mixing with oxygen rlch waters to avoid
pOSSlble harmful effects to aquatic: llfe in surface waters.-_

© The 51te vxclnlty, the 5ite plot plan and the 01rculat;ng
water- system of thls power plant facxllty are shown in the
‘flgures contalned hereln.
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C. GEOGRAPHICAL REGION: PACIFIC COAST
.l' chlfic Gas and Electric Co.

 The Humboldt Power Plant of the Pacific Gas and Electric
Co. is located near Humboldt Bay, California. The plant pro-
‘ducés 68 MWe by means of a Boiling Water Reactor supplled by .
the General Electrlc Co.  The plant began commexcial operatlon-"
in August 1963. Cooling water dlscharge from three units,.two"
foagil fueled and one nuclear, of a combined rating of 172 MWe
ig discharged at the shore of Humboldt Bay. The topography of
the region is attached herein along with details related to '
' the thermal discharge. The total flow is 230.4 cfs and has a
dlscharge velocity of 7.3 fps into the Bay. The averagé tem~
‘ perature rise above ambient at the outfall is 18 °F.
' The company has c0nducted remote sensxng ‘and in-situ mea-
surements at the site and some examples of the results are also
) attached hereln. |
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geicic Ocean

 Humboldt Bay

. CWumbold? Bay
Awer Plant

Infake

Location Map - Humboldt_Boy Power Plant

A
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D. GEOGRAPHICAL REGION: 'GREAT LAKES

1., 2Zion Nuclear Power Station of Commonwealth Edison Company.

The Zion Power Station is located on the shore of Lake
Mlchlgan about midway between Chicago and Milwaukee., It is
abOut 80 miles northeast of Dresden Nuclear Power Statlon where
Edlson 8 f;rst nuclear unit was built. The reactor is of the
boiling water type. The plant consists of two units of 1,100
Net MWe each. Unit 1 is acheduled to be operated in June, 1973
and Unit 2 is expected to be completed by December of the same
year.

Cooling water for both Zion units is to be drawn from the
lake at a point some 2000 feet from shore and 22 feet below the .
surface. Two discharge pipes, 760 feet from shore and 154 feet
north and south of the intake line, discharge the water in a
high—Velocity_jet at an angle 45 degrees from the shoreline and
90 degreES'from the other jet. The dlscharge temperature will.
be limited to not more than 20°F above amblent. '

2. P01nt Beach Nuclear Plant of Wlscon51n Electrlc Power Co.
and WlSCOHSln Mlchlgan Power Co.

The Point Beach Nuclear Plant is located 1n WO Creeks,
Wisconsin on the shore of Lake Michigan. The folloW1ng three
figures show the topology and location of the plant site. It
consists of two units with a capacity of 497 MWe. It was first
operated in December, 1970. = ' L |

Cooling water is drawn from the Lake at a point 1750 feet
perpendicular to shore and 5 feet above lake bed. It is then dis-
charged to the lake through a’ ‘pipe at 150 feet from the shore,

~about 18 feet below water level. '
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Flow and temperature characteristics are given below:

Qap 700,000 gpm S 19;§0F

ﬁhen‘ambient temperatures are_below 40°F

Quay= Variable 320,000 gpm to 428,000 gpm

AT __= 31,5°F Therefore outfall T

o]
max '71.5'F.

The location of the site is shown in the following attached
maps. ' '
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3. Wisconsin Public Service Co.

_ The Kewaunee Nuclear Power Plant of the Wisconsin Public
Service Co. is located in Kewaunee County, Wisconsis, ‘The .
Pregsurized Water Reactor supplied_by-Westinghouse Electric
Co._is expected to begin producing 540 MWe commercially in
December 1973. | | |
- Cooliné water will be provided by a circulating Water‘syse
tem at a rate of 431,000 gpm, s7=28°F in the summer. The cir-
culating water will be supplied from Lake Michigan via an in-
take structure located approkimately 1570 feet on a line per=-
pendicular to the shore. The water is pumped through the con-
densers and then to the diséharge structure which is located
at the shoreline. A copy of the'topography of the area is in=~
cluded in this report alonglwith a plot of the thermal plume
from results of the éompnay}preliminary environmental_study.
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4, Indiana ang_Mich;ggg Electric CO,
' erica lectric Power S :

The pDonald C. Cook Nuclear Plant Site is located in Lake
‘Townshlp, Berrien County, Michigan, about 11 miles south—southwest
of the center of Benton Harbor. The site consists of about 650
acres/along the eastern shore of Lake Michigan.

Tworldentlcal systems employlng pressurized water reactors
provided by westinghouse Electric Co. will produce. 1054 Mwe each.
Unit one is expected to enter commercial service in 9/74, Unit
two is expected to do sO by 4/76. Lake Michigan water will be
used to cool the condensers and will be returned to the lake.
when the plant is operatlng wlth both units at full load 2,260
million gpd will be heated to 20°F above ambient temperatures.
The intake structures will be located 2250 feet offshore. The
smoothly rounded intake elbows will be set in the lake bottom
and provided with barriers to prevent entrainment of foreign
objects, The intake pipes will be 16 feet in diameter to allow
1ow velocities for the samé purpose. ' ‘

The dlscharge is lelded into two discharge pipes. Each
. discharge pipe termlnates in a discharge elbow about 1160 feet
~  from the ordinary high water line. Each elbow designed on the
basis of hydraullc model tests, to deliver the warm water to the
lake surface without subsurface mixing, in order to minimize Ehe
area affected by the warm water discharge volume and to insure
minimal disturbance of the lake bottom. Details of the lake, the
plant, and its 1mmedlate surroundings may be found in- the follcwing
attached maps. '
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5. The Detroit Edison Co.

The Enrico Fermi Plant of the Detroit Edison Co. is located
- at Newport, Michigan., The Boiling Water Reactors will produce
150 MwWe by April 1977 if construction continues on schedule.
Generél'Eleqtric is supplying the reactors. The Fermi No. 2
plant will have a closed cycle cooling system. A cooling pond
and natural convection cooling towers are its major features.
Some water from the pond will be discharged into Lake Erie. Max-
imum discharge will be 12, 000 gpm during July and half of that
value in January. The maximum temperature differential will be -
12°F in July and 23 °F in January. These figures are based on
105% power productlon. The maximum heat flux discharged will be
about 78.3 million-Btu per hour. Maps of ‘the reglon of the plant'
and other details of interestlare attached.
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TABLE - EXPECTED HEAT RELEASE INTO LAKE
‘ ERIE FROM FERMI 2 PONDING AREA

-‘Temperature* Heat Release, Millions

Month =~ Return Flow Rate, ppm Diffcrence, b __of Btu per Hour_
‘anuary 6,000 s s 69.2
February 6,200 S22 9.0
March 6, 960 : ' 19 _ : 65.6
April -8, 500 16 68.0
© May 10,500 15 | 78. 3
June 11,900 i3 77.4
Jjuy 12.000 N ¢ | 72,0
August 11,900 | | 3 1.4
, Sépie_:mber 10, 000 o - 13 o - 64.1
October . 8,000 . ~ 56.0
November 6, 500 . 19  61.5
December - ¢,200 . 2z - 68.0

“pverage temperature difference between returned water and Lake Erie

intake water.

' The figures shown are based on the conservative as sumption |
of 105% power. .
The maximum heat _content of the water returned will be about
48,300,000 Btu per hour. . This i§ less than 20_% pi the recommended limit
| proposed by the take Michigan Enfbrcemaht'Confarence in the spring of

1971 for Lake Michigan.
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FINAL REPORT

THE APPLICATION OF REMOTE SENSING
T0 DETECTING THERMAL POLLUTION .

PART II: IMPLEMENTATION PLAN
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I. INTRODUCTION

As the world demand for electficitY-cdntinues to increase,
the supply of fossil fuels for power production is being depleted.
More nuclear power plants will be built to meet this demand. One .
- of the problems that hinders the acceptance of nuclear power plants
is' the thermal pollution associated with their cooling systems.

. Thls thermal pollution can cause adverse effects on the ecologlcal
gystems. In a report (1) on Potential NASA Initiative in Water Re-
'sources,'xt is pointed out that controlling the heated water dis=-

. charges has been identified by the Office of Water Resources Re~
gearch as one of the important problem areas. Thermal pollutlon
'is also one of the problems to be considered in a NASA Environ-
mental Quality Enhancement Program Study (2). Proper management
will be based on the ablllty to detect thermal pollution and to al-
leviate it. In order to achieve this goal, it is necessary to have
a thorough understanding of the motion and diffusion of thermal
discharges and the extent of . the region affacted. Most studies

in this area have been empirical or semiwempirical in nature. The
few existing models are based on much too simplified assumptions,
and are limited to one or two~dimensional studies. In order'to
cbtain a better description of the physical 31tuatlon, a more ac-
curate predlctlon of the water body temperature distribution is
needed. In the first part of this project, it has been concluded
‘that the development of a th:ee—dlmenslonal generalized, pre-
dicitive, analytical model involving remote sensing and in<situ
measurements is feasible. It has also been found feasible to de-
velop an active system to remotely measure turbldlty.

In this section of the final report, the lmplementatlon plan
for the development of a three-dimensional model and for the ap-
plication of remote sensing to temperature°and turbidity measure-
ments will be outlined in detail, | ' '

References

1., Tremor, J.W., "Potential NASA Initiative in Water Resources
NASA Office of Appllcatlon, 1973. ‘

2. NASA Office of Appl;catlons. "Environmental Quality Enhance-
ment Program Study,” 1972. :
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II. PROJECT DESCRIPTION

It is planned to develop a generallzed v1gorous, three-
dimensional, predictive, analytlcal model for determining the
temperature distribution in a water body receiving hot dis-
charges from a power plant'a cooling system. The model will
make use of wind, tide, current and sallnlty distributions and
their effects. Remote sensors and in-situ measuring systems
Will be Used'to quantitatively measure water. surface tempera-
“ture dlstrlbutlon vertical water temperature proflle. current,
-sallnlty, turbldlty and other parameters that are pertxnent to
the model development. :

The analytlcal model will be appl:ed to two power plant
mites, namely, the Florida Power and Light Company's Turkey
P01nt and Port St. Lucie fac111ties, as case studies. ‘Numer-
ical calculations for these two sites, in conjunctlon with re-
mote sensing and in-situ measurements, will be used for the
‘checklng, verlfication,and evaluation of the analyt;cal model.
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III,  SITES SELECTED FOR IMPLEMENTATION PLAN

As explained in the feasibility study section of this re-
fport there are several sites located on coastal reglons or on
lakes, on which there are nuclear power plants either in ser-
vice oz_under,constructlon. From these sites, two have been
selected for the development and testing of the model and for
the déﬁélopment of'remote sensing for thermal pollution and
turbidity detection. These two nuclear power plant sites are
_the Florlda Powexr and nght Company's Turkey Point facility and
Port St. Lucie Nuclear Power Plant units on Hutchinson Island.
These two sites are located. in south Florida, close to both the
Kennedy Space Center and the Univetsity of Miami. Another in-
teresting feature is their geographical contrast. The Turkey
Point facility is located at a shallow lagoon type estuary, while
the Hutchihson plant discharges into the off-shore continental
shelf, Both sites should provide a good test area for the uni-
versal nature of the proposed three-dimensional model., A de-
tailed description of these two sites are glven in the Site Studles
Section of Part I of this report. However, a brief discussion is
presented here to provide background for the implementation plan,
The Turkey Point site is located on the western sho:é'of
Biscayne Bay approximately 25 miles south of Miami.'.This fac- .
iiity consists of two fossil fuel plants and two nuclear units'
with a combined 2320 Mwe output. Its cooling system has been mod-
jfied twice in the past due to the concern regarding the effects
_of hot discharges into the nearby estuaries. In the latest mod-
ification, the Florida Powar & Light Company has adapted a com-
plicated canal system aimed at the recirculation of the cooling
water. The construction of this cooling system began in November
1971 and was scheduled for completion by November 1975. It has
been determlned that the completed part of the system has been set.
into prellmlnary testing. Some studies have been conducted at the
‘purkey Point site during various stages of lts ‘development. How-
‘ever, these do not include a predictive model study rglatlng both
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the dynamic and thermodynamic effects on this site.

_ The St. Lucie site is located on Hutchingon Island in St.
Lucie County about halfway between Fort Pierce and Stuart on
the east coast of Florida. The site is generally flat and has
a dense. vegetation characteristic of Florida coastal mangrove
swamps., Two identical units will provide 850 MWe each of full
load, The first unit is scheduled to enter service by September
1975 while the,second unit will be put into service by September.
1979. A preliminary design of the cooling system‘indioates that
~ the intake pipes will be located approximately 2300 feet south of
the discharge pipe. Theywmll be buried from the intake points
for a distance of about 1600 feet beneath the ocean bottom and
under ‘the beach, terminating in a canal on the west side of the
sand dunes. The cooling water discharges will be carried in a
twelve foot diameter pipeline about 1425 feet long, buried under
the dunes, the beach and beneath the ocean bottom. The pipeline
will terminate at a depth of 18 feet. The twelve foot diameter
pipe will be modified with a short transltlon section and a two
part Y-type discharge pipe w1ll pe added. Approximately 20 feet
" of water will be over the top of each port. Both ports in the
'y-gsection will be 7.5 foot in diameter and the discharge velocity
from each port will be about 13 feet per second._ The FP&L company:
" has sponsored gome preliminary env1ronmental studles offshore at
Hutchinson Island, '

Due to the rapid growth of the south Florlda area, the FP&L -
" .Company has announced plans to build more power plant units to
help supply the increasing electricity power demand. The proposed
'model study will be useful ln the site selectlons for future power
plants ‘in the U.S. as well as the world. '
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Iv. IMPLEMENTATION PROCEDURES AND SCHEDULE

The study ptogram will be carried out in four parts. They.
are closely related and are to be conducted conéurrently. The
mathematical model development is the first part of the project.

" Remote sensing and in-situ measurements, the second and third
parts, will be needed to support the model development. These
parts of the study shopld be carefully scheduled, so as to ob-

"~ tain ground truth readings as well as calibrations of the re-

mote sensing data. At the same time, a turbidity remote sensing
system, forming the third part, will be developed. This portion
will reguire some controlied study in the early stage, but the
system is expected to be ready for field application in the latter
stage of the program. The details of each part of the'study are
given in subsections A through D of this section. |

The proposed study 'should take three years to complete -
starting on Junaury 1, 1974 and’ ending on December 31, 1976. The
entire . perlod wlll be divided, roughly, into four stages, corre-
_ sponding to the proposed study plan. In the first six months,
the work will be initiated on the mathematical model and numer-
ical schemes for the solution of governing equations will be com-
‘pared. Cdmputer programming will be carried out. The in-situ
measurement system will be designed and the acquisition of in-
atruments will be started. '

In the-secoﬁd stage, & twelve month period will be devoted
to the development and application of the mathematical model to
the Turkey Point site as a testing case. Both the remote sen-
ging and in-sgitu meagurements will be carrled out at this site
in order to provide the needed information for the model study.
‘The results will be evaluated and the model will be examined
and refined. In the third stage, the St. Lucie site (a site
which has different characteristics than the Turkey Point site)
will be used for another case study of the mathematical model.
-This stage of the'study wiil cover a period of twelve months.

The final six months of the project will be devoted to the
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evaluation and assessment of the program. Recommendhtions'wéll
be made and the Final Report will be prepbred. |
' The aforementioned schedule and milestones of the project
are summarized in Table 1,_whilé the detailed schedulés for the
various phases df-the programiare givén in the‘following sub- |

sections.



Table 1 Time Schedule and Milestones of the Study Program .

Task

Model Formulation and Set Up of Numériéal Scheme
Remote Sensing & In-Situ Measuring System Design
Semi-Anhual Progress Report |

Model DéVelopment-'& Applicétion to Turke& Point
Semi—Ahnual Progress Report

Continue Operations at Turkey Point Site
Mid-Term Report

Application-to St. Lucie Site

Semi-Annual Progress Report

continue Operations at.st. Lucie Site
Semi?Annual Progress Report

Evaluation And Assessment

Final Report

‘Months
12 18
KRKXKK
I
KXKKKK
I
| XXKKKX
I
KXKKXXK
| I

24 30 ‘36

HKUXKAX

=GGT~
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A. MATHEMATICAL MODEL DEVELOPMENT

The mathematical model study will be carried out in four
stages. 1In the initial stage, three months will be devoted to
the Model Formulation and the setting up of proper numericel‘
scheme to be used for the solution of the governing equations.
The Marker and Cell teehnique which was discussed earlier in the
Feasibility Study portion of this project will be used for the
numerical sclution of the model. During this period, there will
also be an intensive collection of preVLOuely measured field data
from the lower Biscayne Bay and Card Sound area near the Turkey
Point power plant site. ‘This information will be used to help
set up the prellmlnary initial and boundary conditions of the '
model for the trial rung and debugging during the next three months.

In the second stage, a total of twelve months will be
spent to develop, test and evaluate the model using the Turkey
Point power plant site as a case study. The development will
_con31st of five steps, namely, 1) Set Up the Model, 2) Program-
ming and Debugging, 3) Testing and Modifications, 4) Numerical
Calculation and Refinements, and 5) Evaluation and Assessment
of the Model. During this period, numerical results from the
model will be constantly compared with actual remote- and in-situ
measurements to prov1de a critical assessment for the valldlty
of the model. All calculations of Turkey Point site should be
completed by the end of this stage.

In the following twelve months, the model will be modlfled
and converted to be used to predict the Florida Power and Light
Company's St. Lucie Plant discharge. This model study again
will be developed in five stages similar to the Turkey Point site
computatlons. It is expected that the time period'neceSSary for
the St. Lucie Plant model study will be substantlally shortened
because certaln techniques developed in the Turkey Point Plant
calculatlons may be dlrectly used for the St. Lucie case. buring
this perlod Remote and In-Situ Measurements at St. Lucle site

will be collected and used to compare with the predicted values.
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This will provide a further evaluation.of the validity of the
model . .
The last six months of the project will be used for data
anaiysis, final evaluation and assessment of the mathématical

- model, and the preparation of the final report.

Preliminary computation$ and debugging will be made through
the éomputer facility of the University of Miami, This will in-
volve a simplified version of the model with a minimum number of
grid points. It is hoped that the computing facility at the
Kennedy Space Center will be available for formal numerical cal-
culations at l&ter stages. In Fig.l contained herein. a flow
chart is given to show the steps to be used in the model develop-
ment., A summary of the time schedule for various étages of the

proposed model étudy is given in Table 2.
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Fig. 1 .~ Flow Chart for Mathematical Model Development



Table 2 Time Schedule for Mathematical Model Study

Task Months ,
" 1 6 12 18 = 24 30 36
Model Formulation & Set Up of Numerical Scheme XXX '
Computer Programming | : XHK

Collection of Previous Measured Data for
Turkey Point Site XX

Data Analysis and Set Up of Preliminary
Initial & Boundary Conditions XXX

Trial Runs, Debugging, Test and Modification - XXXX

Analysis of Remote & In-Situ Data and Set Up
of Initial & Boundary Conditions X

Numerical Calculation for Turkey Point Site : KXX-

Further Test, Modification & Numerical Calculation | RXXX
Refinement and Evaluation of Model ' XXX
Conversion of Model for St. Lucie Site : X

Data Ana1y51s and Set Up of Initial & Boundary :
Conditions : b o oo

Tr;al Runs, Debugging, Test and Modification : 161514

Numerical Calculations for St. Lucie Site ' : HHHRHKHK

-6ST~

Refinement and Evaluation ‘ _ - - XX
Final Asgsessment of Model ' ' : - . xx
Preparation of Final Report . . _ KXHX
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B. GROUND TRUTH AND IN~-SITU MEASUREMENTS
This part of the program will serve many purposes. It is

to prov1de ground truth for the remote sensing measurements, to
provide initial and boundary conditions and verification of the
mathematical model and to assist in the development of new re-
mote sen31ng techniques. Because of the special nature of this
portion of the . study, the planned procedures for the in-situ '
measurements w1ll be carefully scheduled in conjunctlon with
other phases of the progect.

In the initial stage, four months will be devoted in. the de-
sign of the in-situ measuring system, and in making plans for
measurements using small boats. The flow diagram in Fig, 2
shows various steps of the system design and its relationship
with other portions of the project. During this period, ocean
instrﬁmentationrwill be acquired and shipboard instruments will
be assembled and coordinated. The assembled instruments will be

carefully tested and calibrated. 1In the following eight months,
in-situ measurements will be carried out at the Turkey-Pdint site
by boat. The important gquantities in this part of the measure=-
ments are horizontal and vertical temperature profiles, current
flows at strategic places, salinity, and turbidity;. If deemed
advisable for its effect on the ocean environmerit, dissolved
oxygen and pH levels can also be determined:but these measure-
ments would reQuire additional instrumentation, This data, to-
gether with the results of previous measuréments, will supply the
needed information for the mathematicai model study. It is con-
templated that approximately 10 boat trips will be needed for this
phase of the study. During the latter part of this period, ship-
board instruments will be used together with remote sensing opera-
tion for ground truth and calibration purposes. Another important
task in the shipboard tests will be to determine the temperature
distribution at and near_the surface, Since the remote sensor
will indicate only the water‘surface temperature, there is some
quéstion as to the temperature distribution beneath the surface.
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This will also be useful for the mathematical model study.

As data is received, data analysis procedures will be in-
stituted using the Festsa time series routines on the University
of Miami Univac Computer. These routines are available and have
been widely used in the past and include almost all of the opera-

tions which will be needed in this project such as correlation,
filtering, statistical distribution, fast Fouier transforms, etc.

In the latter part of the first year and early part of the
second year, the fixed sensors will be installed at Turkey Point.
For the three-dimensional mathematical model, temperature measure-
ments at several depths will be desirable. Thermistor strings
with 3 thermistors on each string, one near the surface, one near
the bottom, and one at mid-dépth should be adequate for this 7
task. OSince it is likely that these strings wbuld be installed
in unprotected waters, it seems adv15able to use magnetic tape
reécording for the output and service the 1nstallatlons by boat
at regular intervals. These service trips would also be useful
to verify that the system is in proper operating condition. Tele~
metry equipment is quite expensmve and would be 1nadv1sable to .
use in a situation where this equlpment could be lost. By pro-
per tlmlng of the temperature readouts, synchronlzatlon between
this ground truth and the remote measurements is not necessary
since the needed temperature data could be easily obtained from
the time series data and due to the time constants involved will
be sufficiently accurate. | :

During the second year, ship measurements will be started at

' the Port S5t. Lucie site in ordexr to provide the necessary inform—
ation needed for the model and for the installation bf.the fixed
sensors. The remainder of the schedule at the Port St. Lucie site
will proceed in the same manner as the program used at Turkey Point,
.and should be ready for measurements when the plant (St. Lucie)
is scheduled for operation.

The final stage of the study will be devoted to evaluating
the system, to making recommendations for further study,and to
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the preparation of the final report. .

- An outline of the planned procedures to be used for this
phase of the program is given in Table 3 . Table 4 givés the
time schedule of the various stages of the study during -the
three year period of the pro:ect.
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Table 3 . Planned Procedures for In-Situ Measurement Study

In-Situ Measurement System Design and Planning for Measufements.
Using Small Boat (4 months from January to April, 1974) '
l} Design of Measurement System

2) ‘Acqu151t10n of Instrumentation

3) Assembllng and Coordination of shipboard Instruments for

use with ocean sensors.

'4) Testing and Calibration of assembled 1nstruments.‘

In~Situ Measurements at Turkey Point Site by Boat (4 months

from May to August, 1974) | ‘

1} Measuring variables of interest: temperatures, salinity,
current flow, current direction and turbidity. | '

2) Data analysis _

3) Determination of locations for fixed sensor installations

_ based on item 1), ' ' ' |

4) Determining suitability bf‘results for mathematiéal model

study.

Ground Truth and Remote Sensing Calibration Experiments (4

months from September to December, 1974)

1) Data correlation with remote sensors and boat.

2) Calibration study

3) Ground truth for remote sensing study.

4) - Investigation of ERTS DCS for collection of grOund truth
‘data. '

'5) Set up of time series analysis routines for data inter-

pretation.

Installation of Fixed Sensors at Turkey Point Site and Boat
Measurement at St. Lucie Plant by boat (6 months from January
to June, 1975)



1)

2)
3)
4)

5)
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Installation and Calibration of seﬁsors at Turkey'Point"
Site. '
Testing and Modification of system.

_-In—Sltu Measurements at Turkey ‘Point Site.

Assembllng instruments for boat measurements at St. Luc1e
Site. , _
In-Situ measurements at St. Lucie site by boat.

Data anelysis for Turkey Point Site and Installation of Sensors
at St. Lucie Site {6 months from July to December, 1975) |

1).
. 2)

3)
4)

Further meagurements at Turkey Point site.

‘Data ‘analysis and correlation.

Installation and Calibration of sensors at St. Luc1e Site.

" Further measurements at St. Lucie site by boat. '

~In-Situ measurements at St. Lucie Site (6 months from January

to June, 1976)

1)
2)

In-situ meagurements in conjunction with remote sensors.
Data analysxs and correlation.

System Evaluation (G'months from July to December, 1976)

1)

2)
3)

Evaluation of measurement system
Recommendation for future study
Final report Preparation.



" Table 4. Time Schedule for In-Situ Measurement Study

Task . - : | | Months
1l 6 -12 18 24 a0 36

Design of In-Situ Measuring System - XX
Installation, Testing and Calibration of
Boat Instruments : o XXX
In-Situ Measurement at Turkey Point Site
by Boat Only : plelsivioolesd
Installation Testing and Calibration of Fixed _
Sensors at Turkey Point Site - X
' pPreliminary Measurements by Fixed Sensor Testing ' '

' of Results and Modification of System _ XX i
Continue In-Situ Measurements at Turkey Point Site HKAHHKH §
Data Analysis MHRRKKKKIOOCKKK !
Installation, Testing and Calibration of Boat '

Instruments at St. Lucie Site XX

_ In Situ Measurements at St. Lucie Site by Boat Only. | IOORXRARX

Installation, Testlng and calibration of Fixed Sensors _
at St. Lucxe Site WOLXX

“Continue In-Situ Measurements at St. Lucie Site o | XOOCHEXXX
Data Analysis : ' - ' o RHHEHXK KKK KIHIHKHIHK
Evaluation of System - : XX

Final Report Preparation
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C. REMOTE SENSING WATER SURFACE TEMPERATURE STUDY

The water surface temperature will be remotely measured
by Infrared Scanners to provide information needed for the
mathematical model development. This data will be used for
providing initial and boundary conditions of the model as well
as for testing and evaluating the model. It is expected that
the Kennedy Space Center's NASA-6 éircfaft and its infrared
equipment will be made available for use in this phase of the
study. The Air Force DAPP satellite IR data will also be re-
quired. This aspect of the study will be conducted in con-
junction with in-situ measurements for ground truth and cal-
ibration purposes. The study will be'car:ied out in
stages as follows: -
' In the‘initial stage, two months will be used for the
design of the remote sensing system. The system design
ahd its interface with other parts of the project is given
in Figure 3 . Arrangements will be made for the use of
the Air Force DAPP satellite IR data and the Kennedy Space
Centef's NASA-6 aircraft along with its infrared equipment.
In the second stage, six months will be devoted to con-
ducting an Atmospheric Effect Convectibn Study. During
this period, experiments will be conducted ih the use of
the Air Force DAPP satellite IR data for measuring sea sur-
face temperatures. Data and a computer program will be ac-
quired from NOAA to compute the total atmospheric moisture
column as observed from a NOAA-3 satellite. -Atmospheric
moisture computed from the NOAA~3 satellite will be compared
with measurements by radiosonde where possible. The best
estimate of total moisture will then be used to correct the
DAPP satellite IR measurements of sea surface temperature
for atmospheric absorption losses. - |
In the later stages of the study, preliminary tests

will be made of NASA~6 aircraft and DAPP satellite IR measure~

ments of sea surface temperatures by compafing'them with each



-l68-

other and with our ground truth measurements.. This should
produce some preliminary results for use in the mathematical
model. In this stage, a series of comparisons will be made
between DAPP satellite IR sea surface temperature measure-
ments and related ground truth measurements. ERTS-B IR
data will also be used if it becomes available by this time.
Sea surface temperature data for the model will'be‘provided.
A period of approximately eight months will be needed to com—
plete this stage of the study. ‘ '

In the fourth stage, thermal mapping on the Turkey Point
site will be prepared usiﬁg IR data from the NASA-6 aircraft
and the DAPP and/or ERTS~B satellites., Checks of the re-
sults will be made of by use of ground truth measurements.
This data will be analyzZed and then made available for the
mathematical study. '

During the mid-term of the project, this remote sensing
operation will be moved to the Sf, Lucie site for background
study and thermal mapping of the heated discharges in the
area. The measured data will be calibrated and analyzed.

In the last six months, the system will be critically
evaluated, récommendations will be made for future studies
and a final report will be prepared. A summary of the time
schedule for this phése of the study is given in Table 5.
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Table 5. Time Schedule for Water Surface Temperature Remote Sensing Study

Task . | _ Months

1 6 12 18 24 30 36
Design of Remote Sensing System ' T XX '
Atmospheric Effect Correction Study ' KXKKKX
Preliminary Experiments with DAPP Satellite | HOIXXHK
I.R., Data
Preliminary NAS-6 Aircraft I.R. Measurements HUXX
Data Correlation, Correction and Calibration - XXXX
Study C
Testing of Results and Modification of System XX
Continue Remote Sensing of Turkey Point Site _ KRKX
Data Analysis ‘ . ,Wxxxxxxgxxxx L-
Preliminary Remote Sensing at St. Lucie Site, HRAX S
Testing and Calibration Study : _ : '
Thermal Mapping at St. Lucie Site by Remote | KKHAKKX
Measurement
Data Analysis C ' XK KK
Evaluation of System o : KKK

Final Report Preparation B prote ot
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D. TURBIDITY LASER SYSTEM AND GROUND TRUTH WATER SURFACE.
TEMPERATURE STUDY

This phase of the project can be divided into three parts,
namely, l) Ground Truth Water Temperature Study, 2) Atmospheric
Effect Correction Study and, 3) Turbidity Laser System Study.

These studies and the planned procedures are explained here

below:
1)

2)

Ground Truth Water Temperature Study

Infrared remote sensing of the sea surfaee can bnly
hope to measure the temperature of the top 1/10 milli-
meter of the water. This is because the transmission
of water for the 8~14 micrometer radlatlon used for
remote sensing temperature measurements is almost Zero.
Therefore only the top layers of water within less than
1/10 millimetex of the surface partlcmpate in sending
their radiation up to the sensor aloft. For this reason,
remete sensing'measurements may not agree exactly with
sea temperatures (ground truth) measured with thermistors.

Under conditions of heat loss from the surface due to

evaporation, and poor mixing of the upper layers of the
sea, the skin temperature may differ appreciably from'the
body temperature. This would cause a false correction to
be applied to the remote sensing measurements. To pre-
vent this, the skin temperature will be measured Wlth an
infrared sensor at the same positions that temperature
measurements are being made in the ordlnary way with
thermistors. , _
The infrared sensor will be procured and tested during
the first 6 month period of the program, and will be ap-
plied routinely with the other ground truth equipment

thereafter.

Atmospheric Effect Correction Study
In the measurement of temperature from aircraft or
satellites, the 8~14 micron band of infrared is utilized.
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Severe absorption and radiation from the atmosphere
itself exigts over part of this band, and under some
conditions of temperature and humidity lapse-rate,
certain corrections have to be made in the data.

These corrections {(normally between one and four de-
grees C.) are made on- the basis of radiosondé obser-
vations where they are available, and average conditions
modified by intelligent guesses where they are not.

There is also a possibility that satellite data at

more than one frequency will also yield the necessary
information, but this will probably be rather approx-
imate. By the use of interference filters, one to max-
imize and one to minimize the effects of the inte:vening
atmospheric layers, it is hoped to provide internal means
of correcting for the atmosphere without recourse to
other observations. Recent advances in multilayer filter
technique leads us to believe that we can obtain fllters
which either transmit those parts of the 8-14 micron
window most affected by water wvapor (a filter transmitting
the water vapor bonds) or avoid them. By the use of this
pair of filters the effect of water vapor in the column
of air between the observer and the ground can be as-
certained and corrected. '

These filters will be procured during the first six
months of the program and will be tested in the aircraft
thereafter, using ground truth and radiosonde measure-
ments {where avallable) to assess their performance.

It is felt that if this part of the experiment is suc-
cessful, it will greatly enhance the future value of re-
mote sensing temperature measurements both from air and
spacecraft.

Turbidity Laser System Study

~ Turbidity is an important quality for our program, not .
only because of its obvious aesthetic importance, but
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because of its decisive effect on the radiation bal-
ance of the deeper layers of the water. Ordinary
methods of remote senging do not meastre turbidity
because the upwelling radiation from the sea depends
primarily on the sea state and the character of the
"bottom., Using our proposed method, outlined in detail -
in the feasibility section of the report, we can sep-
arate the effects of surface and bottom reflection and
measure the Eackwscattering from the water directly.
This is possible because the short pulse (about 5 nano-
seconds) of the glass~neodymium pulsed laser allows us
to distinguish in time between layers only a few cen-
timeters apart. By using a ADP crystal frequency doubler,
blue-green light at 5~30 nanometers can be employed, for.
which sea water has nearly maximum transparency.

It is planned to purchase and test the components of
the TULAS during the first year of the project.  During
the ensuing six months, the system will be tested from
the sea surface. During the next twelve months, air-
craft will be used to carry the ekpe:iment and develop
the system. ' '
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V. MANAGEMENT PLAN

Personnel will include Drs. T. Nejat Veziroglu, Samuel 5.
Lee, Robert L., Lee, Normal L. Weinberg, Homer W. Hiser and Joseph
G. Hirschberg of the University of Miami Faculty, graduate
research assistants, technicians, and secretarial support. . The
following list gives the spec1a1 fields of interest of each mem-.
ber of the anestlgatlon team:

Investigators | " special Fields of Interest
T. Nejat Veziroglu Heat Transfer, Thermal Pol-
Principal Investigator lution, Two-Phase Flows
Samuel S. Lee Fluid Mechanics, Heat Trans-
Co-Principal Investigator fer, Thermal Pollutiom
Robert L. Lee | - Fluid Mechanics, Atmospheric
Co-Investigatox Sciences, Heat Islands
Norman L. Weinberg Underwater Acoustics, Wave Pro-
Co-InVestigator pagation, Ocean Measurements
Homer W. Hiser ‘Meteorologlcal Sciences, Radar,
Director, Radar Ldboratory Air Pollutlon, Remote Sensing
Joseph G. Hirschberg Optics, Radiation, Holography,
Dlrector, Optica Laboratory Remote Sensing

Dr. T. Nejat Veziroglu, Professor and Chairman, Mechanlcal En-
gineering Department, will be in charge of the management of the
project as the Principal Investigator. He will: 1) Provide leader-
ship and scientific input in establishing overall goals and objec-
tives: 2) Coordinate the efforts of the co-investigators to reach
the project ebjectives; 3) Maintain liaison essential to projéct
. support, both on and off campus; 4). Monitor progress of the pro-.
ject: and 5) Assume full admlnlstratlve responsibility for the im- fi
plementatlon of the pro;ect. Dr. Samuel S. Lee, Associate Professor
of Mechanical Engineering, will help Dr. Veziroglu in the overall
management of the project as the Co-Principal Investigator.

The day-by~-day administration and coordination of individual
research act1v1ty will be the responslblllty of each investigator.
However, much of the administration detall such as purchasing and
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and fiscal reporting, will be handled centrally. This will min-
imize the redundancy and free the investigators to concentrate
on the scientific'aspects of the project.



-176=

VIi. WORKLOAD DISTRIBUTION

Every member of the team, including the principal in-
vestigators, will be involved in the investigation. The
workload distribution aﬁong the researchers in general will
be as follows: 4 ' |

Research ‘ Major Responsibilities
Dr. T.N. Veziroglu 1. Principal Investigator and Study
Manager
2. Administration and overall
Coordination
3, Assessment of results

Dr. S.58. Lee 1. Co-principal Investigator
" 2. In charge of Technical Aspect
' of entire project
3. Mathematical Model Study

Dr. R.L. Lee 1. Mathematical Model Study
Dr. N.L. Weinberg' ' 1. Ground Truth and Iﬁ-situ
: Measurements

Dr. H.W. Hiser 1. Remote Sensing of Water Surface

_ Temperature .
Dr. J.G. Hirschberg 1. Turbidity Laser System Study

2. Ground Truth Surface Temperature
Study

However, the above distribution is not meant to be strict.
There will be close cooperation between researchers, and in some
instances two or more researchers may work closely (e.g. on dif-
ferent aspects of a given subject). The team members will meet
reqularly to coordinate their efforts. '
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VII. UNIVERSITY AND FACILITIES

The University of Miami is a full-fledged university com-
posed of nine colleges and schools. They are the School of En-
gineering and Environmental Design, the College of Arts and
Sciences, the Rosenstiel School of Marine and Atmospheric Sci-
ences, the Graduate School, the School of Medicine, the School
. of Nursing,-the School of Education, the School of Law and the
School of Business Admlnlstratlon

Among the laboratories of the School of Engineering and En-
vironmental Design are the Remote Senging Laboratory, Fluid
Mechanics Laboratory, Heat Transfer Laboratory, Electronics
Laboratory, Instrumentation Laboratory, Ocean Measurements Lab-.
.oratory and Hanger Electronic Computer Laboratory. The College
of Arts and Sciences possesses the Optics Laboratory. In ad-
dition, the University possesseé a Computer Center which houses
a UNIVAC 1106. In the execution of the project, use will be made
of the above iisted'labo:atories_and'the‘computer facility.



